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ABSTRACT 
A viral disease of Bottle gourd (Lagenaria siceraria (Mol.) 
Standi. Syn. L. leucantha Rusby and L. vulgaris Ser.) showing vein 
clearing, mosaic, distortion of young leaves to an eventual 
bleaching of the leaf lamina, fruit distortion, stunting of the plant 
and over all loss in productivity, was investigated and 
characterized. 
The virus under investigation has a restricted host range 
infecting Cucurbitaceae and Ckenopodiaceae families. The virus 
gives distinct local lesions on Chenopodium amaranticolor and 
shows mosaic on Cucumis melo, Cucumis satives and Lagenaria 
siceraria. 
The virus under investigation was found to be transmitted 
by sap inoculation, contact and soil contaminated with debris of 
diseased plants. However no seed and aphid transmission was 
found. Phosphate buffer (0.0IM, pH7.0) was found to be the most 
suitable extraction medium for retaining virus infectivity. Other 
buffers such as acetate, borate and citrate were found to inhibit 
the activity of the virus. Addition of sodium sulphite (0.1%) along 
with (0.1%) EDTA, enhanced virus infectivity. 
The virus in crude sap lost its infectivity at a dilution of 
10-6, has thermal inactivation point 90-95°C and remained 
infective for more than months both at room temperature as well 
as at 40C respectively. 
The virus was isolated by a procedure involving extraction of 
the virus in 0.0IM phosphate buffer pH 7.0, clarification by 30% 
chilled butanol; precipitation of the virus by 6% PEG in presence 
of 0 .1% NaCl followed by two cycles of differential centrifugation. 
Removal of the host contaminants was achieved by rate zonal 
density gradient centrifugation on linear sucrose columns. The 
virus exhibited a single light scattering band in sucrose columns 
and infectivity was found associated with this band. 
The purified preparation when examined in a UV-
spectrophotometer gave a spectrum typical of nucleoproteins. The 
nucleic acid percentage was found to be 6 a s Amax/Amin WaS 1.2. 
The nucleic acid was isolated by phenol chloroform method and 
was found to be RNA. The extinction coefficient, buoyant density 
and partial specific volume were 2.7573, 1.36157g cm3 and 
0.7344 respectively. 
SDS-PAGE electrophoresis of viral capsid proteins showed 
only one type of protein sub-unit with a molecular weight of 
17.2KD. 
The virus preparation, when negatively stained with 2% 
uranuyl acetate showed rigid rods measuring 280x14.5nm. 
An antiserum against virus was raised and serological tests 
using ELISA and ISEM, showed that the present isolate is closely 
related to the type strain of CGMMV. The virus withstands with 
more than 80,000 dilutions. 
RT-PCR, Multiplex RT-PCR and IC-RT-PCR further 
confirmed the results. The coat protein gene as well as movement 
protein gene was amplified using a pair of designated specific 
primers. The RT-PCR products ~486bp for CP and -795 bp for MP 
was cloned in to PGEM-T easy vector. 
The cloned coat protein as well as movement protein genes 
were sequenced and showed 90% to 98% homology with the Gene 
Bank available sequences. It indicates that CGMMV Aligarh 
isolate has very little variability (in coat protein gene as reported 
earlier) but movement protein gene was first time sequenced from 
India. 
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INTRODUCTION 
Plants supply the three great necessities of life food, clothing and shelter 
besides other useful products. Thus, every aspect of life is one way or the other, 
deeply associated with plants. Food, which is of prime importance, mainly 
consists of vegetables. The term "Vegetable" has no exact definition, is usually 
applied to edible part of plants, which store up food in roots, stems, leaves and 
fruits. 
Vegetables along with pulses comprise a complex edible group of plants 
with diverse forms of reproduction and propagation. They are rich in vitamins, 
minerals, proteins, calcium, iron and phosphorus, which provide additional 
calories of various elements. Besides these, they also provide iodine and sodium. 
This is what makes them important and because of this countries like U.S.A.. 
where animal protein and milk products are in abundance, the annual 
consumption of vegetables per capita is almost five times of an average Indian 
diet. 
So far as India is concerned the total population which stood 102.7 crorc 
in 2001 is likely to be in the vicinity of 140 crore by 2026 and per capita 
consumption of vegetables is 140 gms, which is far below the minimum diet 
requirements of 280 gms per day per person. Thus, the important challenge, 
which Indian agriculture is facing in the millennium, is to eliminate chronic 
hunger. It is widely accepted now that agriculture must diversify and achieve 
higher output. 
Among the vegetables, cucurbits (family Cucurbitaceae) occupy an 
important place as vegetable of the world. Cucurbit family consists of nearly 100 
genera and over 750 species. Most of them have Old World origins, whereas 
many species originated in New World and at least seven genera have origins in 
both hemispheres. The range of adaptation for the cucurbit species includes 
tropical and sub tropical regions, arid deserts and temperate locations. There is 
tremendous genetic diversity within the family, which extends to both vegetative 
as well as reproductive characteristics. 
Introduction 
The cucurbit family includes species such as the bottle gourd, 
watermelon, cantaloups, squash and pumpkins. Cucurbits are known as vine 
crops due to their growth, habit and culture. Most of the plants have a spreading 
growth habit with tendrils at the leaf axils. 
Bottle gourd (Lagenaria siceraria (Mol.) Standi, syn. L. leucantha Rusby 
and L. vulgaris Ser.) was associated with man as early as 12,000 BC in Peru. The 
origin of the bottle gourd is acknowledged to be Africa from where it was widely 
distributed in pre-Columbian times in the old and new world, perhaps by floating 
on the sea. Archaeological remains show that the bottle gourd has been in use in 
Egypt about 3500 to 3300 BC. In India, it was in cultivation even before 2,000 
B.C. It traveled to India, where it has evolved into numerous local varieties and 
from India to China and then to Indonesia. 
Bottle gourd is also known as birdhouse gourd, trumpet gourd, white-
flowered gourd etc. according to the shape of the fruit. Bottle gourd also called 
calabash should not to be confused with the fruits of the calabash tree 
(Crescentia ciijete). Bottle gourd is one of the preferably grown vegetables in 
tropical world (particularly in the forest- free areas). It can be cultivated in all 
kinds of soil but thrives best in heavily manured loams. 
It is grown countrywide and its fruit is available throughout the year. 
Generally, two crops are raised in India. The summer crop is sown from the 
middle of October to middle of March and the latter crop, from beginning o^ 
March to mid July. Probably no region in the world has so much diversity and so 
many varieties of bottle gourd as India. 
Immature fruit of the bottle guard is used for cooking as vegetable, for 
preparing sweet meats, rayata and pickles. They can be boiled, steamed, fried, 
used in curries, which mask the natural flavors or made into fritters of variable 
quality. The bosom of selected cultivars from India and China are of very good 
quality, equivalent to good summer squash. The fruit can be dried for latter use. 
Even the young tender leaves and dry seeds are sometimes used as food. Edible 
portions of the fruit possess moisture 96.3%, protein 0.2%, fat (ether extract) 
0.1%, carbohydrate 2.9%, mineral matter 0.5%, calcium 0.002% and phosphorus 
2 
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<0.01%. Other mineral elements reported to be present are viz. iron 
(0.7mg/100g), sodium (ll.Omg/lOOg), potassium (86.0mg/100g) and iodine 
(4.5mg/kg). The leaves of the bottle gourd contain cucurbiticin, vitamin B. 
vitamin D and traces of vitamin E. 
Seeds when cooked are used as food. These are rich in oil, thus are added 
to soups. A vegetable curd, similar to tofu, can be made from the seed. In China, 
they are boiled in salt water and eaten as an appetiser. Proportion of kernel found 
in bottle gourd is found to range from 48 to 75.5%. The oil content of the kernel 
range from 41-56.5%, protein content from 28.07-34.34%, crude fiber from 
1.25-2.6% and mineral matter from 3.01-5.01%. The kernels are fairly rich in 
Ca, Fe, and P. It has been found that the nutritional value of the kernels is equal 
to or better than that of cashew nuts and almond kernels. Besides, the seed coal 
is low in fat and proteins but rich in crude fiber and mineral matter and can be 
used for animal feed. Seeds are also reported to contain saponin. 
Bottle gourd is also used as medicine as it contains vitamin B and 
ascorbic acid. It prevents constipation and is easily digestible and its use is 
recommended during convalescence. The fruit pulp around the seed is 
considered to be emetic and purgative, a cure for cough, applied to the soles in 
burning of feet and also given to horses. The fruit is antilithic, diuretic, emetic 
and refrigerantic. The stem bark and the rind of the fruit have diuretic properties. 
Syrup prepared from tender fruit is used as pectoral. A poultice of the crushed 
leaves is applied to the head to treat headache. Flowers are used as an antidote 
for certain poisons. 
Decoction of leaves mixed with sugar is recommended for patients oi" 
jaundice. The juice of leaves mixed with lime juice is used as an application for 
pimples, when boiled in oil, is used in rheumatism and to cure baldness. In early 
Peruvian civilization, bottle gourd was used in head surgery. The seeds and roots 
are used in dropsy. The seed is vermifuge. Taking with Achyranthes sp. the seed 
is used to treat aching teeth and gums. Extracts of the plant have shown 
antibiotic activity. 
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Probably besides above, the first and the most important, use of the bottle 
gourd is as a water carrier. Dried gourds can be carved into spoons, pipes, snuff 
boxes and birdhouses, decorated vase-ornaments and made into articles of 
clothing, hats, masks etc. They were also used in musical instruments including 
rattles, xylophones and drums as well as wind and stringed instruments. 
Bottle gourd is a natural host of viruses, fungi (powdery mildew, downy 
mildew, anthracnose, fusarium wilt) and nematodes that cause serious disease, 
resulting in decrease in the quantity and quality of the fruits. Viruses arc major 
problem in cucurbits planting areas all over the world. Atleast 25 viruses have 
been reported infecting cucurbit plants naturally. 
There are few reports on virus diseases affecting bottle gourd. The most 
important and prevalent viruses infecting bottle gourd are Cucumber green 
mottle mosaic virus fCGMMV^, Cucumber virus 2, Watermelon mosaic virus 
(WMV) and Tobacco mosaic viruses (TMVj. The diseases caused by various 
virus strains to this host are sap transmissible and in most cases a mere contact 
with diseased plants is sufficient in transmitting this virus to healthy plants. 
However, other agents too, responsible for the spread of this disease, are on 
record. 
During a survey of the virus diseases of bottle gourd in and around 
Aligarh district (U.P.), India in 2002-2003, plants were found to be infected with 
a viral disease showing vein clearing and distortion of young leaves leading to an 
eventual bleaching of the leaf lamina, fruit deformation, plant stunting and loss 
in productivity. The prevalence and the severity of the disease lead to conduct 
studies on this virus. Efforts were made to study the viral disease of the bottle 
gourd by detection, identification and molecular characterization of the causal 
virus. The various strategies followed are given below. 
> Host range studies 
^ Biophysical properties 
> Virus transmission 
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> Purification of virus 
> Coat protein and Nucleic acid characterization 
> Immunodiagnosis 
• Enzyme linked immunosorbent assay (ELISA) 
• Immunosorbent electron microscopy (ISEM) 
r- Electron Microscopy for virus particle morphology 
> Reverse transcription Polymerase chain reaction (RT-PCR) 
> Sequencingof Amplified genes 
Literature ^view 
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REVIEW OF LITERATURE 
Scanning of the literature for virus infection on bottle gourd {Lagenaria 
siceraria (Mol.) Standi.) revealed few reports on virus diseases occurring 
naturally on this plant. A critical review of the reports regarding the work done 
on viral diseases of bottle gourd is presented here. 
Some of the important viruses reported infecting naturally the bottle 
gourd are viz Cucumber green mottle mosaic virus (CGMMV) (Al Shahwan and 
Abdalla, 1992), which is also called Cucumis virus 2 (Vasudeva et al, 1949). 
Cucumis virus 2A (Van koot and Van Dorst, 1959), Cucumis virus 2B (Varma 
1970). Cucumis virus 2C (Azad, 1956; Lai and Chauhan, 1961), Cucumis virus 3 
(Sharma and Chohan, 1973). The other viruses reported are Tomato mosaic virus 
(Shanker et al, 1971), Watermelon virus (Bhargava et al, 1975; Qureshi and 
Mayee, 1980; Hafidi, 1983; Singh, 1989; Nakayama et al, 1994), Cucumber 
mosaic virus. (Matsuo et al, 1991; Provident, 1995), Zucchini yellow mosaic 
virus (Yoshida and Lizuk, 1987) and Cucumber vein yellowing virus also called 
Bottle gourd mosaic virus (Harpez and Cohan, 1965; Mansour and Al-Musa. 
1993). The two most important viruses responsible for mosaic disease of bottle 
gourd are CGMMV and WMV. However, the other viruses cannot be ignored. 
CUCUMBER GREEN MOTTLE MOSAIC VIRUS (CGMMV): 
The virus is world wide in distribution. Ainsworth (1934) was the first lo 
describe this virus as Cucumber virus 3 from England. It has been reported from 
India (Vasudeva and Lai, 1943; Capoor and Varma, 1948; Vasudeva and 
Naraini, 1952), Germany (Valantine, 1958), Netherland (Van Koot and Van 
Dorst, 1959), Jordan Valley (Cohen and Nitzany, 1962), Finland (Linnasalmi. 
1966), Japan (Inouye et al, 1976), Taiwan (Wang and Chen, 1985; Hseu et al. 
1987) and Saudi Arabia (Al -Shahwan and Abdalla, 1992). 
Initially this virus received several designations such as Cucumber virus 
2 (Smith, 1957) also its strain 2A, 2B and 2C and Cucumber virus 3 (Ainsworth. 
1935). 
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Symptomology: 
CGMMV infected plants showed systemic mosaic (Komuro et al. 1971; 
Al Shawan and Abdalla, 1992), mottling and downward curling (Naqvi and 
Mahmood, 1975), chlorotic streaks (Subbaiah and Gopal, 1997), vein banding 
(Valentine, 1958; Inouye et al, 1967), pale and dark green areas (Vasudeva and 
Lai, 1943; Capoor and Varma, 1948; Wang and Chen, 1985), blisters (Pop and 
Jivaveanu, 1985), wilting (Rahimian and Izadpanah, 1977), stunted growth 
(Valentine, 1958; Inouye et al, 1967) or development of partial or total aspermy 
(Tarasashvilli, 1976 ). Old leaves shrivel and drop in seven weeks (Capoor and 
Varma, 1948). 
Discolored patches appeared on the petiole and stem (Valentine, 1958; 
Thomas et al, 1972). Deformed fruits showed dark and green patches (Inouye et 
al, 1967; Pop and Jivaveanu, 1985; Antignus et al, 2001). Fruit production was 
delayed and fruits showed small necrotic lesions encircled by dark green blister 
like watery edges (Thomas et al, 1984). 
Virus is also reported to be present in the seed coat (Komuro e/ al. 1971), 
in pollen and embryo of the bottle gourd (Lai and Chauhan, 1961). 
Host range: 
The virus had a narrow host range restricted mostly in two families. 
Cucurbitaceae and Chenopodiaceac. Among Chenopodiaceae, Chenopodium 
amaranticolor develops local lesions (Nariani and Varma, 1977; Vani and 
Varma, 1993; Pospieszy et al, 1997, Subbaiah and Gopal, 1997; Al Shawan and 
Abdalla 1992). In addition to these it evoked symptoms on seven cultivated and 
two wild cucurbits (Bhargava and Bhargava, 1977). CitruUus vulgaris (Van 
Koot and Van Dorst, 1959; Tarasashvilli, 1976; Nariani e/ al, 1977; Avegalis 
and Vovles, 1986; Celix et al, 1996; Kaminsha e/ al, 1996; Pospieszy et al, 
1997; Al Shawan and Abdalla, 1992) Cucurbita fdifola (Van koot and Van 
Dorst, 1959), Cucurbitapepo (Al Shawan and Abdalla, 1992; Pospieszy et al, 
1997), Gomphrena globosa (Naqvi and Mahmood, 1975), Lagenaria leucantha 
(Naqvi and Mahmood, 1975), Luffa cylindrica (Nariani et al, 1977; Wang and 
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Chen. 1985) are the reported hosts for CGMMV. Commelina nudiflora, Mukia 
maderaspatana and '$,alvia sp. were reported to be the additional hosts to this 
virus by Naqvi and Mahmood (1975). 
The virus was symptomless in Datura stramonium, Luffa acutangulu 
(Naqvi and Mahmood, 1975), Colosynthesis vulgaris, Momordica charantia 
(Vasudeva et al., 1949 Nariani et al, 1977; Sandeep et ai, 1989) vegetable 
marrow, and Impatiens balsamina (Naqvi and Mahmood, 1975). 
The leaves inoculated with CGMMV showed localized infection on 
Nicotiana tahacum cv. White Burley, Solarium nigrum and S. nudiflorum 
(Vasudeva and Nariani, 1952), Petunia hybrida (Inouye et al, 1976; Wang and 
Chen, 1985) and chlorotic spots in L. acutangula. A strain of CGMMV isolated 
from L. siceraria by Wang and Chen (1985) caused chlorotic local lesions on C. 
amaranticolor. 
Transmission and biophysical properties: 
CGMMV is sap transmissible (Capoor and Varma, 1940; Valentine et ai. 
1958; Komura et al., 1971; Naqvi and Mahmood, 1975). Transmission thi'ough 
seeds had also been reported (Van koot and Van Dorst, 1959; Komuro et al, 
1971; Sharma and Chohan, 1973; Nagai et al, 1974; Medvedskaya, 1981) but 
mostly it is up to 42% and decreases with the passage of storage (Kawai el ai. 
1985). However, no seed transmission was found in CGMMV in most of the 
cases (Lai and Chauhan, 1961; Komuro et al, 1971 and Rao and Varma, 1984). 
Besides this, surface water and plant debris had been reported to transmit this 
virus (Valentine, 1958; Rollings et al, 1975; Medvedskaya, 1981; Rao and 
Varma, 1984). Aphid transmission is absent but beetle Raphidopalpa fevicoUis 
as vectors has been reported (Rao and Varma, 1984) in addition to transmission 
by grafting and pruning (Van koot and Van Dorst, 1959). Direct contact between 
healthy and diseased plants in addition to pollen and embryo has been found to 
be a case in transmitting the virus (Rao and Verma, 1984). 
Dilution End Point (DEP) of CGMMV varies from 10"^  -10"^ (Inouye et 
al, 1967 Vasudeva et al, 1973; Raychaudhuri and Varma, 1978; Al Shawan and 
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Abdalla, 1992; Vani and Varma, 1993). Thermal Inactivation Point (TEP) 
ranged between 80-95°C (Valentine, 1958; Inouye et ah, 1967; Raychaudhuri 
and Varma, 1978; Avegalis and Vovles, 1986; Vani and Varma, 1993). 
Longivity in vitro (LIV) has been reported to be of more than a month 
(Van koot and Van Dorst, 1959; Inouye et ai, 1967; Raychaudhuri and Varma. 
1978; Avegalis and Vovles, 1986; Al Shawan and Abdalla, 1992; Vani and 
Varma, 1993). 
Nucleic Acid and Proteins: 
RNA in 30 K protein gene of CGMMV was composed of 264 aminoacids 
with a calculated molecular weight of 28,800D. It was found that 30 K proteins 
are composed of two third conserved N-Terminal and one third less conserved C 
terminal, when comparison among 30 K Tobamovirus was done, (Saito et ciL. 
1988). However the nucleotide sequence of CGMMV-SH strain was 6421 
nucleotide long containing four open reading frame ORFs which corresponds to 
186K, 129K, 29K, and 17.5K proteins. The 17.5K is the coat protein. Sequence 
analysis shows CGMMV-SH is closely related to CGMMV-W, although 3 
aminoacid substitutions in the 29 K were found between these strains but 129K 
and 186 K proteins are composed of 1142 and 1646 aminoacids (Ugaki et al.. 
1991). Subbaiah and Gopal, 1997 reported a single protein of MW 17.5Kd of 
CGMMV by SDS-PAGE. 
Coat protein of Kyuri green mottle mosaic virus (KGMMV-2). was 
genetically distinctly related with coat protein of CGMMV (Lee et al, 2000). 
However coat protein and western blot analysis of Zucchini green mottle mosaic 
virus (ZGMMV) and KGMMV suggests more resemblance to CGMMV virus 
than the other tobamovirus (Ryu et al., 2000). 
Electron Microscopy: 
Viruses within a group have similar properties, which are not shared by 
viruses of other groups. Such properties are often referred to as main 
characteristics of the group e.g. particle morphology, serological relationship 
and mode of transmission. When a virus collected from the field matches some 
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of the main characteristics, it can be tentatively assigned to a group. By this one 
can predict a number of other properties and make control strategies without 
describing the virus completely. A number of methods have been developed for 
detection and diagnosis of viral diseases. The three methods most commonly 
used are bioassay, electron microscopy and serology. 
Bioassay is probably the most common approach. Electron microscopy is 
useful for detection of a number of viruses, but the instrument is expensive and 
availability is limited. Although serological techniques have proved to be 
valuable diagnostic tool, their use in detecting broad spectrum of viruses is 
limited by the availability of antisera. 
In recent years, cytological techniques have been developed for the 
detection of virus induced inclusions. These intracellular structures are 
characteristic for the virus inducing them and have proved to be valuable agents 
in the diagnosis of plant viral diseases (Christie et al., 1995). 
EM alone can be used for detection of viruses at various stages of growth 
(Bertaccinni and Marani, 1982). In quarantine while plant is being grown, leaf 
dip preparation and leaf section examination by EM is also helpful in detecting 
the viruses at preliminary stage (Varma et al., 1979). 
Electron microscopic examination of negatively stained preparation of 
CGMMV revealed rigid rod shaped virus particles measuring 280-300nm long 
and ll-18nm in width (Smimova and Shtein, 1962; Takakuwa et al., 1972; 
Raychaudhuri and Varma, 1978; Pop and Jilaveanu, 1985; Wang and Chen. 
1985; Al Shawan and Abdalla , 1992 and Vani and Varma, 1993) . 
Immunoassays: 
These can be characterized as quantitative analytical methods applied for 
measuring biologically important compounds/organisms using antibodies as 
specific analytical reagents. These are based on unique recognition reaction 
between antibodies and antigen, which elicit their production. 
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Immunological assay is an important method for disease diagnosis and 
pathogen detection. It offers great versatility in type of test and format used in 
specific serological test (Van Regenmortel, 1982). 
Enzyme labeled antibodies have been used in the detection of various 
antigens in tissue sections (Nakane and Pierce, 1982) but their use in 
quantitative procedures started in 1970s (Engvall and Prelmann, 1972). Micro 
plate of ELISA has been introduced for diagnosing variety of antigens (Voller el 
al, 1978 a). Elisa assays fall in two major groups. 
• Homogenous assays, which are generally restricted to molecules of low 
molecular weight such as drugs, haptens and hormones etc. 
• Heterogenous assays, which are suitable for detecting macromoleculcs 
and plant or animal pathogens (Voller et al., 1978b). In case of heterogeneous 
assays the reacting and non-reacting components are separated. The antigen is 
immobilized on a solid surface and the various reactions are present at the 
reaction site in a predefined sequence. Between every two steps of the sequence 
is the washing phase which removes the unwanted inhibitory substances from 
the reaction site and only specifically immobilized reagents are retained. Of 
various kinds of heterogenous assays, the most commonly used for detecting 
plant viruses is double antibody sandwich enzyme linked immunosorbent assays 
(DAS-ELISA), which was first described in detail for plant viruses by Clark and 
Adams (1977). However, the same principles of operation apply to the entire 
immunosorbent assay. 
Based on enzyme labeled antibody employed, the ELISA procedure can 
be termed as direct or indirect. ELISA involves the targeting of the trapped 
antigen by unconjugated specific antibody, which in turn is detected by an 
enzyme labeled anti-immunoglobulin molecule, which is available 
commercially. To explain further, if the specific antibody was produced in 
rabbit, then the anti species antibody such as goat anti rabbit immunoglobulin 
conjugated to an enzyme is used for detection purpose. The choice of particular 
ELISA product to be adopted is based on thorough understanding of merits and 
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demerits of a procedure and type of investigation to be carried out. The use of" 
crude specific antiserum and the commercially available enzyme conjugate in 
indirect procedure and the application of indirect ELISA in studies of serological 
relationship make it a versatile tool. The direct procedure has a higher specificity 
for serotype detection and for large scale routine testing (Khetrapal and Maury. 
1990; Khetrapal et al., 1990). In case of viruses, direct extraction of antigen is 
by immersing leaf discs in the buffer without prior homogenization (Macro and 
Cohan, 1979) or by gently crushing leaf pieces with glass rods in wells of 
microtitre plate itself followed by addition of extraction buffer (Bar Joseph and 
Garnsey, 1980). 
ELISA has revolutionized the diagnosis for assessing the disease for 
certification purposes and for control through quarantine or eradication 
procedures. The application of ELISA in epidemiology is now increasing as it is 
being used more for studying the occurrence /distribution of various strains/races 
and biotypes of a pathogen. 
The popularity of ELISA is largely due to inherent advantages in this 
technique over the conventional serological methods used for detecting plant 
pathogens. Due to repetitive nature of handling the reactants, in ELISA a large 
number of samples can be analyzed simultaneously with ease and precision and 
technique can be subjected to automation. Also the technique is more sensitive 
as compared to known biological or serological methods of detection. The 
ELISA technique can be learned and applied even with limited experience in 
serology. Microcomputer technology along with ELISA readers has made the 
handling and analysis of ELISA data extremely easy. Besides, with the advent of 
monoclonal antibodies, ELISA has become an indispensable tool for screening 
the hybridomas (Khetrapal and Kumar, 1995). 
Many improvements have been made over the years in serological 
procedure (Hampton et al, 19901 The procedures have progressed from 
microprecipitin tests (Sampson and Taylor, 1968) and agar gel diffusion tests 
(Ackers and Steere, 1962) to more sophisticated assays such as ELISA (Clark 
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and Adams, 1977; Clark et al, 1986) immunosorbent electron microscopic 
assays (ISEM) (Derrick, 1973), western blotting and dot immunoassay (DIBA). 
Both ELISA and ISEM increase sensitivity of the assays of plant viruses by 
several orders of magnitude over the gel double diffusion test or liquid precipitin 
test. 
CGMMV is more sensitively detected by modified ELISA than by 
standard ELISA. Early bleeding produced relatively more specific IgM 
antibodies by intravenous injection while late bleeding is better for IgG 
antibodies against CGMMV in rabbits (Matsumoto, 1981). A positive 
serological reaction was observed between infective leaf extracts and antiserum 
to CGMMV (Al Shawan and Abdalla, 1992). 
CGMMV was serologically closely related to muskmelon isolate ol" 
CGMMV, distantly with Top frangipani mosaic and Tobacco mosaic 
tobamoviruses (Vani and Varma, 1993). However, it also reacted with antiserum 
to Odontoglossum ringspot tobamovirus (ORSV) and Tobacco mosaic 
lobamovirus (TMV) (Kaminsha et al.. 1996). 
Polymerase Chain Reaction (PCR) Technology: 
The polymerase chain reaction (PCR) is an /« vitro method in which 
DNA sequences or transcripts are amplified rapidly with very high specificity 
and fidelity using oligonucleotide primers and Taq DNA polymerase in a simple 
automatic reacfion (Saiki et al, 1985 and 1988; Mullis, 1990). MuUis (1990) 
developed PCR after the discovery of cellular enzyme, DNA polymerase, which 
serves several natural functions including repair and replication of DNA. Its 
current applications are in the areas of disease diagnosis, detection of pathogens, 
detection of DNA in small samples, DNA comparisons, high efficiency cloning 
of genomic sequences and gene sequencing (Erlich, 1989; Erlich et al, 1991). 
PCR has affected basic molecular biology research, forensics, evolutionary 
studies and plant pathology. 
The importance of PCR lies in its ability to amplify a specific DNA and 
cDNA transcript from trace amounts of a complex template. It is possible to 
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amplify a specific DNA or cDNA sequences from as short as 50bp to as large as 
10,000bp in length, more than a million fold in a few hours, in a reaction that is 
carried out in an automatic DNA thermal cycler. 
Amplified DNA is detected by staining with ethidium bromide or silver 
nitrate after agarose or polyacrylamide gel electrophoresis, hybridization with 
labeled probes or by colorimetric assay after affinity binding. The availability of 
nucleotide sequences of many plant pathogens has made possible the 
development of PCR assays for detection and diagnosis of several viriods. 
viruses and other pathogens. Because of its great sensitivity, the PCR provides a 
good alternative to other diagnostic methods and can speed diagnosis, reduce the 
sample size required and often eliminates the need for radioactive probes. 
In 1990, Hadidi and Yang reported the detection of viriods by reverse 
transcriptase polymerase chain reaction (RT-PCR) amplification and also 
successfully utilized this technique for the detection of RNA plant viruses from 
infected tissue and predicted the application potential of PCR technology in the 
field of plant pathology. As few as 10 fg of purified viral RNA, corresponding to 
approximately 2000 viral particles, were detected in plant extracts (Wetzel et ai. 
1992). Other viruses reported to be detected by RT-PCR using viral-specific. 
non-degenerate primers include Beet western yellows and Beet mild yellowing 
viruses (Jones et ai, 1991), Tobacco rattle virus (Robinson, 1992), Cherry 
lea/roll virus (Borja and Ponz. 1992), PCR for different badnaviruses, including 
Banana streak, Rice tungro bacilliform and Sugarcane bacilliform viruses 
(Olszewski and Lockhart, 1992), Wheat soil borne mosaic virus (Pennington et 
al, 1992) Bean yellow mosaic virus (Vunch et al., 1990 and 1991), Cucumber 
mosaic virus (Raj et al., 1998), Lilly symptomless sirus (Takamatsu et al.. 1994) 
and Tulip breaking virus (Langeveld et al, 1991). RT-PCR or PCR method has 
been successfully utilized to detect viroids and viruses from infected seeds. 
(Hadidi et al. 1991; Kohnen et al, 1992), fruits (Hadidi and Yang, 1990). 
flower parts (Jones et al, 1991; Frankel et al, 1993), leaves (Tevy and Hadidi 
1992; Kanemastu et al, 1991; Korschineck et al, 1991; Levy et al. 1992; 
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Minafra et al, 1992 and 1993), bark (Hadidi et al, 1992), roots (Hadidi el a!.. 
199land 1993b), potato tubers and viruliferous insects (Minafra and Hadidi, 
1993; Hadidi e/a/., 1993b). 
PCR provides a rapid, sensitive and specific method for the detection of 
inserted recombinant viral or satellite viral DNA in genomic DNA of transgenic 
plants (McGarvey and Kaper, 1991; Laimer et ai, 1992). It can also be used to 
screen the challenge virus in transgenic plants (Scorze et al., 1993). 
Use of PCR has facilitated the production and cloning of full-length 
cDNA of plant viruses and viroids. The procedure was used to obtain cDNA ol~ 
CMV and Apple scar v/ro/J (Hayes and Buck, 1990; Hadidi et al., 1993a). PCR 
allows detection of low titer pathogens which elude conventional detection 
methods such as ELISA or dot blot hybridization, identification of unknown 
pathogens, detection of known pathogens that are currently detected by lengthy 
bioassays (Hadidi and Yang, 1990; Minafra et al., 1992; Levy et al., 1992). 
detection of multiple and unrelated pathogens in single PCR reaction (Levy et 
al., 1992, Minafra e^  al., 1993), identification of the components of mixed 
infection or disease complexes (Hadidi et al., 1993a,b), determination of specific 
sequence information with or without cloning from crude total nucleic acids 
(Minafra et al., 1993; Levy and Hadidi, 1994) 
Sequence and Phylogenetic analysis: 
Comparison of sequences and phylogenetic analysis suggested that the 
tobamovirus infecting cucurbits can be seperated into two subgroups: Subgroup 
I comprising the strains and isolates in the review of literature as CGMMV. 
CV3, CV4, CGMMV-W, CGMMV-SH and CGMMV-IS while subgroup II 
comprising of CFMMV, KGMMV and the Yodo strain of CGMMV, which is 
closely related to KGMMV and may be considered as its strain (Francki et al.,, 
1986; Fraile and Gracia, 1990; Antignus et al., 2001). 
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In addition to this several, strains are distinguished serologically and by 
differential responses in C. amaranticolor and D. stramonium. The principal 
strains are: -
Type strain (Ainsworth, 1935):- Cucumber green mottle mosaic virus, caused 
mottling, blistering and distortion of cucumber leaf and produced a few local 
lesions in C. amaranticolor under certain conditions. No infection was observed 
on D. stramonium and Petunia hybrida. 
Cucumber aucuba mosaic strain:-Cucumber virus 4(Ainsworth, 1935)= 
Cucumis virus 2A(Smith, 1957). This virus caused bright yellow leaf mottling, 
slight leaf distortion of cucumber. It caused local lesions in C amaranticolor but 
no infection in D. stramonium. 
Watermelon strain (Komuro et al., 1971):- Caused leaf mottling and dwarfing 
of cucumber, induced local lesions in C. amaranticolor but no infection in D. 
stramonium. 
Japanese cucumber strain (Komuro et al., 1971):- Caused severe Iruil 
distortion in cucumber and induced local lesions in D. stramonium but no 
infection in C amaranticolor. 
Yodo strain (Kitani et al., 1970):- Caused fruit distortion in cucumber and 
induces local lesions in C amaranticolor, D. stramonium and petunia hybrida. 
Indian strain C (=2C) (Vasudeva et al., 1949):- Caused blistering, stunting and 
loss of crop; induced local lesions in C. amaranticolor, symptomless infection 
on inoculated leaves of D. stramonium and no infection in P. hybrida. 
OTHER VIRUSES REPORTED ON BOTTLE GOURD: 
WATERMELONMOSAIC POTY VIRUS (WMV) 
WMV is another important virus causing mosaic disease in L. siceraria 
(Mol.) Standi. (Singh, 1989). The virus reduced yield and fruit quality of bottle 
gourd (Singh 1989; Shanker and Nariani, 1974). Infection during the early 
stages of growth (5-30 days) caused 100% loss in yield (Singh, 1989). 
The virus is sap transmissible and also by aphids. Aphis gossypii 
(Bhargava et al., 1975; Anderson, 1954), Myzus persicae (Quiot et al, 1971) 
and by beetles Acalymma thiemie (Lastara, 1968). However, there are reports on 
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its non-transmissibility by aphids (Molnar and Schmelzer, 1964; Shanker and 
Nariani, 1974; Qureshi and Mayee, 1980). Grogan et al. (1959) found no seed 
transmission in C. maxima, C. pepo, Cucumis melo or Citrullus vulgaris. 
The TIP of WMV was between 50-60°C while the virus had DEP up to 
10"^ -10"* and the LIV up to 6-14 days (Anderson, 1954; Quiot et al., 1971: 
Chakraborty et al, 1997). 
The purified virus had a maximum UV-absorption spectrum at 260nm. 
Particles were flexuous rods measuring 650-700 nm xl5 nm (Qureshi and 
Mayee, 1980; Bhargava. 1977). 
Two other viruses frequently found are Zucchini yellow mosaic virus and 
Melon necrotic spot carmovirus (Yoshida and lizuk, 1987; Hseu el al, 1987: 
Ulmane/a/., 1991). 
Zucchini yellow fleck potyvirus (Vovlas, 1991) is sap transmissible as well as 
through contact in addition to vector belonging to Aphididae. It caused mottling 
and vein clearing on bottle gourd. The virus has DEP 10"-10"-, TIP 55- 60°C 
and LIV 30 days. Particles are filamentous, measuring about 750nm in length. 
Melon necrotic spot carmovirus Kishi (1966). Virus is sap transmissible, seed 
and through contact between plants and by vector, a fungus, Olpidium radicle. It 
has a DEP lO'^ -^lO"'. TIP 60°C and LIV 9 days. Virus is isometric, not enveloped 
and is 30nm in diameter. 
Among other viruses Cucumber vein yellow virus (Harpez and Cohen, 
1965) also called as Bottle gourd mosaic virus (Cohen and Nitzany, 1960) is a 
poty virus. It is transmitted by whitefly Bemisia tabaci (Cohen and Nitzany. 
1960) in a semipersistent manner (Harpaz and Cohen, 1965; Mansour and Al-
Musa, 1993). Studies of the virus revealed rod-shaped particles c.740-800 nm 
long and 15-18 nm wide. 
Other viruses reported on bottle gourd are Tobacco mosaic virus (Shanker 
et al, 1971; Naqvi and Mehmood, 1975; Gupta et a/.. 1992), Pumpkin yellow-
mosaic virus (Vasudeva, 1957). Besides it is also known to get infected with 
Squash mosaic cucumovirus (SqMv), Tomato ringspot nepovirus (TORSV) and 
Tomato .spotted wilt tospovirus (Zoubal et al.. 1997). 
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Effect of virus infection on the physiology of bottle gourd: 
The viruses causing mosaic disease on bottle gourd adversely affect the 
physiology of the plant. Virus infection increased starch soluble carbohydrate 
and nitrogenous compounds (Dubey, 1977), reduced the sugar contents of the 
leaves (Ghosh, 1979), soluble protein (Ghosh and Mukhupadhyay, 1979) and 
break down of carbohydrates (Sharma et al, 1990). The viruses also increased 
the phenolic contents in the leaf and stem (Sharma et al, 1990) and affected the 
metobolic activity (Singh et al, 1991) of bottle gourd. 
MateriaCs 
and 
MetHocfs 
Materials and Methods 
MATERIALS AND METHODS 
In this chapter the details of the materials and the methods used in various 
experiments are described. 
1) MAINTENANCE OF VIRUS INOCULUM: 
(a) Raising of plants: -
All the test plants were grown in clay pots of 4" and 6" diameters, filled 
with a mixture of soil, sand and compost in a ratio of 2:1:1. The soil mixture was 
sterilized by autoclaving for one hour at a pressure of 20 lbs and pots were 
sterilized by rinsing in 4% formalin solution. The soil mixture was autoclaved 
24 hours earlier and sieved before use. 
Seeds were sown in 12" clay pots for raising seedlings except for plants 
belonging to Cucurbitaceae and Fabaceae, which were raised singly by direct 
sowing in clay pots. Seedlings were transplanted singly in clay pots of 4" and 6" 
diameter at 2-3 leaf stage, nearly 2 weeks old. 
For inoculation, the plants were used two weeks after transplantation except the 
plants belonging to Cucurbitaceae and Fabaceae families, which were 
inoculated at cotyledon stage. The plants were kept in an insect proof glass 
house. 
(b) Virus culture: -
Young leaves of naturally infected bottle gourd (Lagenaria siceraria) 
showing symptoms of mosaic growing in and adjoining areas of Aligarh were 
macerated in a prechilled mortar with pestle with 0.0IM phosphate buffer pH 
7.0 (inoculation buffer, IB) (1:2). The macerate was filtered through double-
layered cheesecloth and was centrifuged for lOmin at 6,000 rpm. The 
supernatant thus obtained was used as inoculum to inoculate the seedlings of L. 
siceraria and Chenopodium amaranticolor. 
To ensure the biological purity of virus and to eliminate the possible 
contaminating viruses from the culture, C. amaranticolor plants predusted with 
500 mesh carborundum. Single local lesions developed on C. amaranticolor 
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were taken (10 in No.) and macerating on glass slide in a drop of IB and 
inoculated seperately on the different L. siceraria plants. After symptoms 
developed, only one out of the inoculated plants was taken for further 
experiments to maintain pure culture of the virus. 
2. TRANSMISSION: 
Various methods of transmission were used to ascertain the spread of 
virus in nature. Standard methods and some modifications were carried out for 
the transmission studies. 
(A) Mechanical Transmission: 
Preparation of buffers: -
Different types of buffers viz, Acetate, Borate, Citrate and Phosphate 
were prepared using the methods of Gomori (1955). Various additives added to 
the inoculum to increase the rate of transmission of virus were: 
Sodium sulphite AR 
Thioglycolic acid 
Disodium ethylene-diamine tetracetic acid (EDTA) 
Three to four lower fully expanded leaves of the plants were used for 
mechanical inoculation of the virus. The leaves were predusted uniformly with 
carborundum (500 mesh) and standard inoculum was applied gently but firmly 
on the upper surface of the leaves with the help of forefinger by keeping the 
other hand beneath the leaf to be inoculated. The inoculated leaves were rinsed 
with gentle stream of water before the inoculum on the surface of the leaves 
dried up. 
(B) Biological Transmission: 
Attempts were made to find out the mode of transmission of virus in the 
field. Therefore insect, soil, debris and seeds were used to study the 
transmission. 
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(a) Insect Transmission: -
Transmission by Aphids: 
Raising of virus-free Aphids 
Viviparous adult aphids viz. Aphis gossipii Glov., A. craccivora Koch. 
Brevicoryne brassicae L. and Myzus persicae Sulz., were starved for 2,4,6 and 8 
h at room temperature in a petridish and then placed upon a detached leaf of an 
appropriate healthy host in a petridish. The atmosphere inside the petridish was 
made humid by covering the inner surface of the petridish with wet filter paper. 
Newly born nymphs were transferred to a fresh and healthy test plant. The aphid 
colonies thus developed were used as healthy colonies of the virus-free aphids. 
The aphids were transferred from one plant to other with the help of moistened 
tip of Camel's hairs brush type A, No, 1. Colonies of virus-free aphids were 
raised on L. siceraria plant in Lentz cages having wooden frames. The top and 
two sides of the cage were closed by glass and the remaining sides were closed 
by wire gauze. A fluorescent tube was fixed in the cage to keep the aphids under 
long day conditions to get the apterous (wingless) aphids. The plants were kept 
on a zinc tray and the bottom of the tray was covered with the layer of moist 
sand to prevent the passing of the aphids through chinks between the tray and 
the rim of the cage. 
Mode of Transmission: 
Non-Persistent 
Pre-acquisition starvation period 1 to 2 h 
Acquisition access period 2 to 5 min 
Inoculation access period 24h 
Number of aphids/plant 10 
The nymphs were starved for 1 to 2h in a petridish having the inner 
surface covered with a wet piece of filter paper before an acquisition access 
period of 2 to 5 min on the leaf of the diseased plant. After allowing acquisition-
feeding time, the nymphs in batches of 10 were transferred to each healthy L. 
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siceraria plant and were covered with cages for an inoculation access period of 
24h. The nymphs after the end of inoculation access were killed by spraying 
with 0.02 per cent cypermethrine (insecticide) and the plants were kept in an 
insect proof glass house for the development of symptoms. Back inoculation 
from each plant was made to assay host, i.e. C. amaranticolor. 
Persistent 
Acquisition access period 24h 
Inoculation access period 48h 
Number of aphids/plant 10 
The virus free aphids, without subjecting them to starvation were allowed 
24h acquisition feeding time on diseased leaves. After the completion of 
acquisition feeding, 10 aphids were transferred to each L. siceraria plant where 
they were given an inoculation feeding period. Aphids were killed by spraying 
an insecticide (cypermethrine 0.02% solution). The plants were kept in an insect 
proof glasshouse to observe the development of symptoms. Back inoculations 
from the plants on which aphids were given inoculation feedings were made on 
assay host (C. amaranticolor). 
(C) Soil Transmission: 
Soil was collected from the root zone of virus-infected bottle gourd plants 
and was divided into two parts. One part was autoclaved for an hour, which 
served as control and the other part left uninoculated. The seeds of bottle gourd 
were sown in both sterilized and unsterilized soils contained separately in 6" 
clay pots. Symptoms were observed till a period of 2 months after sowing. 
Infectivity tests were also carried out on bottle gourd {L. siceraria) to ascertain 
the presence of virus in them. 
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(D) Seed Transmission: 
Seeds collected from virus-infected and healthy plants of bottle gourd 
were sown separately in clay pots containing sterilized soil and were kept in an 
insect proof glass house. Plants were observed for 2 months after sowing. Back 
inoculation were also carried out on bottle gourd raised healthy seeds and assay 
host C. amaranticolor to ascertain the presence of virus. 
(E) By Contact: 
Healthy and young 40 plants of bottle gourd were kept between 50 
inoculated plants (inoculated with CGMMV) and then allowed to grow in an 
insect proof glass house .The healthy plants were allowed to entwine with 
infected one to check if the disease is transmitted. 
(F) By Plant Debris: 
Debris (freshly dried leaves) of diseased bottle gourd plants were mixed 
with sterilized soil. About 50 seeds of bottle gourd were sown in the soil 
containing debris while 50 seeds were sown in the soil without debris (Control). 
3. SELECTION OF LOCAL LESION HOST: 
The sap prepared from the young infected leaves of bottle gourd was 
inoculated on various local lesion hosts viz. Chenopodium amaranticolor, C. 
quinoa, C. album, C. murale. Datura metel, D. stramonium and Gomphrena 
globosa. 
The local lesions developed (if any) on the inoculated leaves of each 
bioassay were counted and compared to select the most suitable assay plant. 
4. HOST RANGE AND SYMPTOMATOLOGY: 
Plants belonging to different families were screened for the susceptibility 
to the virus by mechanical inoculation using standard inoculum. At 4-6 leaf 
stages, atleast 3 plants of each species/cultivars were inoculated with standard 
inoculum and the same number of uninoculated plants were used as control. 
Inoculated plants were observed till 40-50 days for the development of the 
symptoms. All inoculated plants, including those, which did not show sign of the 
disease, were tested by back inoculation on C. amaranticalor to find out latent 
infection, if any. 
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5. PROPERTIES OF THE VIRUS IN PLANT SAP: 
Biophysical properties: 
The following techniques for biophysical properties (described by Noordam. 
1973) were employed. 
(a) Dilution End Point (DEP): -
The sap of virus-infected bottle gourd plants was obtained by the method 
described earlier and tenfold dilutions (10"', 10"^ , 10'\ lO"'*, 10"^ ) were made by 
adding double distilled water. Ten plants of C amaranticolor having 6 leaves of 
equal size and same leaf area were inoculated by each dilution. After 4-5 days o'i 
inoculation local lesion development on the leaves were observed. 
(b) Thermal Inactivation Point (TIP): -
The sap (2 ml) was obtained from young infected leaves of bottle gourd 
by the method mentioned earlier was taken in each of the 11 test tubes. One test 
tube was left as such at room temperature (control) and others were heated at 40 . 
45", 50", 55".. .90° and 95C" for 10 min in a water bath and cooled immediately in 
running water. The test tubes were held in water bath in such a way that the 
water level in the bath remained 2-3cm above the sap level. Five plants each of 
C amaranticolor having 6 leaves of equal size were inoculated with the sap of 
each test tube and the local lesions were counted after 4-5 days of inoculation. 
(c) Longevity in vitro (LIV): -
LIV is defined as the time that virus in crude juice kept at room 
temperature remains infective. Sap prepared by macerating the young infected 
leaves of bottle gourd was divided into two parts. One of them was stored at 
room temperature (20+5'^ C) while the other at 4"C. Five plants of C. 
amaranticolor having 6 leaves of equal size were inoculated with the sap 
separately at 6h interval up to several days. Local lesions developed on 
inoculated leaves were counted. 
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6. PURIFICATION: 
(A) Selection of propagation Host: -
For the selection of the appropriate plant species /cultivars for maximum 
virus concentration, various systemic hosts (Z. siceraria, Cucumis satives, and C. 
melu) were selected and mechanically inoculated with standard inoculum. Ten 
plants of each species were inoculated with IB. 
These inoculated plants were assayed for active virus after an interval of 2 
days up to 20 days of inoculation on local lesion host (C. amaranticolor). The 
inoculum was made from young apical leaves and the local lesions were counted 
after 4-5 days of inoculation. 
(B) Standardization of extraction medium: -
(a) Effect of buffers: -
Borate, citrate, acetate, and phosphate buffers at different pH values 
having same molarity (0. IM) were tested. The buffers were prepared by the 
methods of Gomori (1955) to test their suitability as an extraction medium. The 
pH of the buffer was measured by Elico pH meter, model LI-612. 
Sap was extracted separately from young infected L. siceraria leaves in 
each buffer and was inoculated on local lesion host C amaranticolor. A buffer, 
in which virus infectivity was comparatively higher was selected and used 
regularly for extracting the virus under study. 
(b) Effect of Molarity:-
Different molarities, O.IM, O.OIM, 0.02M, 0.15M, 0.2M, and 0.5M of the 
same buffer were used at a particular pH, to assess their suitability for extraction. 
(c) Effect of Additives: -
Sodium sulphite, ethylenediamine tetra acetic acid (EDTA) and sodium 
diethyl dithiocarbamate were added to the inoculum to find out the effect of virus 
infectivity. These additives were added either alone or in combination with 
others. 
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(d) Clarification of Extract with Organic Solvents: -
Clarification was done by addition of organic solvents viz. butanol. 
chloroform, ethyl alcohol and carbon tetrachloride. These were used either 
separately or in combination. The requisite amount of solvent was mixed and the 
mixture was kept for 1/2 hour at 4°C. The aqueous layer was separated by low 
speed centrifugation (10,000 rpm for 10 min) and then assayed on local lesion 
host. 
(e) Precipitation of the Virus: -
Polyethylene glycol (MW 6,000) was tried using 2,4 6 and 8 per cent 
separately with or without 0.1 per cent sodium chloride. Mixture was then stirred 
for one hour and then kept for half an hour at 4°C in a refrigerator for 
precipitation. The precipitate was then pelleted by centrifuging the mixture at 
15,000 rpm for 20 min. 
The pellet obtained was dissolved in extraction buffer and centrifuged at 
15,000 rpm for 20 min. The supernatant was collected and assayed on C. 
amaranticolor for comparison of virus infectivity. 
(C) Differential Centrifugation: -
To get rid off the impurities and concentrate the virus, ultra centrifugation 
of different samples was done in a model mL7-65R Beckman preparation 
ultracentrifuge using rotor type 60 TL High-speed centrifugation was done at 
50,000 rpm for 2 hours and the low speed centrifugation at 15,000 rpm for 10 
min. The pellet obtained after high-speed centrifugation was dissolved in 
extraction buffer and the supernatant obtained after each low speed 
centrifugation was assayed on C amaranticolor for determining the virus 
infectivity. 
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Density Gradient Centrifugation: -
Density gradient centrifugation was performed by the method of Brakke 
(1960) using 40. 30. 20, and 10% sucrose solution prepared in extraction buffer. 
Linear sucrose gradient columns were prepared by layering 7, 7, 7 and 4 ml o1 
40. 30, 20 and 10% sucrose solutions respectively in 1x3" tubes. The heaviest 
solution was layered first and solutions of decreasing concentrations were 
layered on top of each other. The tubes were kept overnight in a refrigerator at 
4°C to get a linear gradient. 
Next day, 2ml freshly prepared partially purified virus suspension was 
loaded on each tube with the help of LKB-Varioperox pump and centrifuged at 
24,000 rpm in swing bucket rotor (SW24.1) for 2h in a BeckmanL7-65R 
ultracentrifuge. The tubes were taken out after centrifugation and examined in a 
dark room by projecting a narrow beam of light from the top. The light scattering 
band that is the virus zone was removed from the tubes by a 20-guage 10cm long 
needle bent twice at right angles and attached to a hypodermic syringe. The 
samples thus obtained were diluted with phosphate buffer (O.OIM, pH 7.0) and 
the virus pelleted down by high-speed centrifugation at 50,000 rpm for 2 hrs. The 
pellet obtained was resuspended in phosphate buffer (O.OIM, pH7.0) and 
centrifuged at low speed (15,000 rpm for 15 min.). The supernatant thus obtained 
was purified virus preparation and was inoculated on C. amaranticolor to 
determine the infectivity of the virus. 
(7) UV ABSORPTION SPECTRUM: 
The purified virus preparations were screened in a CE 594 Double Beam 
Spectrophotometer after diluting it about 25 times. Absorbance (A) of samples 
was recorded in UV range from 220 to 320nm. Values A„,ax\A„iin A26o\A28o were 
determined to get the appropriate percentage of viral nucleic acid by comparing 
the data with standard graph (Gibbs & Harrison, 1976). The spectral curves 
(absorbance versus wavelength) were recorded by using an automatic recorder. 
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(8) CHARACTERISTIC OF VIRAL NUCLEIC ACID: 
(a) RNA isolation by RNA Aquous^^' (Ambion, USA):-
a) The total RNA was extracted by crushing infected L. siceraraia leaves in 
liquid nitrogen using mortar and pestle. 
b) Lysis\binding solution of 500 |il was Added and centrifuged for 2-3 
minute at top speed in a microcentrifuge to remove debris. 
c) Equal volume of 64% ethanol was added to the lysate and the lysalc/ 
ethanol mixture was applied to the filter. 
d) The solution was centrifuged for ~ 15 sec to 1 minute or until 
lysate\ethanol mixture has passed through the filter. 
e) Flow through was discarded and collection tubes were reused for the 
washing steps. 
f) Washing was carried out with 700-fil wash solution # 1 and then with 2 x 
500 |il wash solution #2/3. 
g) Filter cartridge was placed into a fresh collection tube. 
h) Elution solution (30|al) preheated to ~ 70-80°C was applied to the center 
of the filter and centrihaged briefly at 10,000 rpm. Elution was done again 
with 30 \x.\ again to get 60 \x\ of total RNA. 
(b) Isolation of viral nucleic acid from purified virus: 
The nucleic acid was isolated by phenol-chloroform method were 
prepared as detailed by Maniatis et al. (1982). Purified virus solution was 
extracted with a mixture of phenol-chloroform (1:1), out of the three layers the 
upper layer was taken where as the below layers were discarded. Then the 
extraction was again treated with the same mixture and the above steps were 
followed three times. 
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The diagrammatic representation of the steps is shown below. 
200|il (virus preparation) + 200|il (Phosphate buffer) + 100|il (Extraction buffer) 
+ 500|il (phenol + chloroform) 
Mix the contents on the vortex till it emulsify 
Centrifuge at 16,000 g for 3 min 
LOWER LAYERS 
i 
(Discard) 
UPPER LAYER (aqueous layer) 
I 
Add again same amount of phenol chloroform 
(Repeat the above 
Procedure for Three times) 
LOWER LAYERS 
(Discard) 
UPPER LAYER 
i 
Add 2.5volumes of chilled ethanol 
; 
Centrifuge at 15,000 g for (1\2 hr) 
Pellet 
I 
(Discard) 
Supernatant 
Suspend in RNA free water 
(Viral nucleic acid) 
The infectivity of the viral nucleic acid was tested on C. amaranlicolor 
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(9) PHYSICOCHEMICAL PROPERTIES OF THE VIRUS: 
(a) Determination of RNA Percentage in virus: -
The method of Gibbs and Harrison (1976) was used where they related the 
ratio of A260 /A280 of purified viruses to their RNA percentage giving a quadratic 
regression curve. Calculation was done by the formula: 
A260/A280 = 0.9320=0.0454(RNA %) - 0.006(RNA %)" 
(b) Determination of Extinction Coefficient of Virus: -
Extinction coefficient ^ 1 cm ^^e optical density of the 1cm column ol 
Img/ml preparation of purified virus and is correlated with RNA percentage. 
Gibbs and Harrison (1976) demonstrated a linear regression relationship 
between the extinction coefficient at 260nm of purified virus preparation and the 
RNA percentage. The formula is: 
icm =1.531+0.205 (RNA %) 
(c) Determination of Density and its Partial Specific Volume (V) from 
RNA percentage of the Virus: -
Buoyant density of virus was calculated either from RNA percentage of 
virus using the standard quadratic regression curve or by the following formula 
given by Gibbs and Harrison (1976). 
Density = 1.2922 + 0.0011 (RNA %) + 0.00001 (RNA %)^ 
The partial specific volume (v) being reciprocal to buoyant force was also 
calculated from the above density value. 
(d) Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis 
(SDS-PAGE) Of Purified Virus Preparation for Determination of 
Molecular Weight of Virus Protein: 
Molecular weight of viral protein was determined by using SDS-
Polyacrylamide gel electrophoresis (SDS-PAGE) as described by Laemmli 
(1970). An acrylamide concentration of 12% for resolving gel (lower gel) and 
5% for stalking gel (upper gel) was prepared by mixino '" annmnrifitp nrH r^ •::>r^A 
30 
Materials and Methods 
proportions of concentrated stock solutions. Lower acrylamide gel solution was 
then poured into the mould formed by two glass plates (8.5x 10cm) separated by 
1mm thick spacers. Bubbles and leaks were avoided. It was then left for 30 min 
at room temperature that led to polymerization. The upper acrylamide gel 
solution was poured over the lower gel. A comb providing a template for seven 
samples wells was inserted into the upper gel solution before polymerization 
began. Comb was removed after polymerization and wells were overlaid with the 
running buffer (Tris glycine buffe, pH 8.3). 
Virus was dissociated by heating for 2 min in boiling water bath in the 
presence of 0.1 M Phosphate buffer, pH 7.0 containing 0.2 %( w/v) SDS, and 1% 
(v\v) 2-mercaptoethanol. Samples containing 10-20 |ig of viral protein (known 
by taking UV absorption at 280 nm wavelength) mixed with equal volumes of 
sample buffer (containing 10% glycerol; 0.062 M Tris HCl, pH 6.8; 2% SDS, 
bromophenol blue and 5% 2-mercaptoethanol) were loaded to the wells of the 
slab gel. 
Reagents 
Acrylamide/bisacrylamide (30:0.8g) 
in 100 ml 
Acrylamide 30.Og 
Bisacrylamide 0.8g 
Components were dissolved in Miilipore water and final volume was 
made up to 100ml. ft was covered with aluminium foil, filtered with autoclaved 
filter paper and stored at 4°C. 
Sample buffer (pH 6.8): 
Water 
0.5 M Tris HCl(pH 6.8) 
Glycerol 
Beta mercaptoethanol 
Bromophenol blue 
4.0^;! 
1.0^1 
1.6^1 
0.4^1 
0.05%(w/v) .2^1 
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Sample was dissolved in sample buffer or diluted l:l(v/v) with sample buffer, 
while for marker equal volume was used (1:1). 
5x electrode (tank) buffer/ litre pH 8.3 
Tris base 15.0g 
Glycine 72.Og 
SDS 5.0g 
It was dissolved in water, pH adjusted to 8.3 and used at Ixconcentration. 
Resolving buffer (separating) gel composition (12%) 
dd.H20 
1.5MTris-HCl(DH8.8) 
10%SDS 
Acrylamide/bisacrylamide 
10% APS 
TEMED 
Total 
10.05ml 
7.5ml 
0.3ml 
12.0ml 
150|al 
15^1 
30|il 
acking (spacer) gel composition (5%) 
dd. H2O 
1.5MTris-HCl(pH8.8) 
10%SDS 
Acrylamide/bisacrylamide 
10% APS 
TEMED 
Total 
5.68ml 
2.5ml 
100^1 
1.66ml 
50^1 
10^1 
10ml 
Staining solution 
Coomassie Brilliant Blue R-250 lOOmg 
(0.1%) 
Methanol 50mg 
Acetic acid 10ml 
Water 40ml 
Total 100ml 
It was filtered before use. 
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Destaining solution 
Methanol 
Acetic acid 
Water 
Total 
Gel storage solution: 
10% acetic acid 
Permanent fixation solution 
Methanol 
Trichloroacetic acid (w/v) 
dd. H20 
Total 
50ml 
14ml 
146ml 
200ml 
40ml 
10ml 
40ml 
100ml 
Protein in the gel was fixed for one hour before staining. 
The following polypeptide mixture was also loaded in one well of the slab for the 
determination of standard semi logarithmic graph: 
Polypeptide 
Ovalbumin 
Carbonic anhydrase 
Trypsin inhibitor 
Lysozyme 
Aprotinin 
Insulin (b) 
Insulin (a) 
Molecular weight 
45 K 
30K 
20.1K 
14.3K 
6.5K 
3.2K 
2.5K 
Electrophoresis was performed at 25 mA till the tracking dye reached the 
bottom of gel. After electrophoresis, the gel was stained in staining solution 
(0.1% Coomassie Brilliant Blue R-250, 10% acetic acid, and 40% methanol 
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solution) for 4-5h. Excess dye was removed by destaining the gel in solution 
containing 7% acetic acid and 10% methanol. 
Molecular weight of the virus protein was calculated using the known molecular 
weight protein marker. 
(10) ELECTRON MICROSCOPY: 
(i) Morphology of virus particle: -
A small drop of the purified virus preparation was placed on a collodion 
coated carbon back filmed copper grid. Touching the grid with Whatman No. 1 
filter paper drained the excess of the sample. The grid was then stained with 2% 
(w/v) aqueous uranyl acetate solution for 90 sec. The samples v/ere alternatively 
stained with 2% (w/v) phosphotungstic acid. The prepared grid was screened 
under a JEOL-JEM-IOOS electron microscope. The average dimension of the 
particles was calculated by determining the arithmetical means from the main 
maximum length distribution of virions. 
(11) SEROLOGY: 
Raising of antiserum: 
Purified virus preparation obtained after differential centrifugation was 
used as antigen for immunization of rabbit. Young healthy rabbit, approximately 
3 lbs in weight was used for the production of antisera. One intravenous injection 
on ear followed by two intramuscular injections in thigh was given. 
For intravenous injections, 200|jg of virus preparation was injected into 
the external margin vein of the ear formerly shaved and rubbed with xylene lor 
the appearance of clear vein and to avoid any contamination. It was treated with 
Freund"s complete adjuvant (FCA) and final volume was made 600|al with 
phosphate buffer saline (pH 7.4). 
Intramuscular injections (first booster) were given after 21 days.l00|.tl 
virus preparations with an equal volume of Freund's incomplete adjuvant was 
emulsified and injected into the each thigh of the rabbit. After 7 days second 
booster and then again after 7 days third booster was given. 
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Several test bleedings were made from the ear of the rabbit at the different 
intervals after the administration of last booster to check the antibody titre in the 
serum. 
After the titre reached its maximum the immunized rabbit was finally bled 
by giving sharp incision (after 20, 30 and 60 days of final injection) on the 
marginal vein of the ear other than that which was used for the injection .15 ml 
blood was collected at a time and allowed to coagulate for 2h at room 
temperature (20±5°C) and kept in a refrigerator for 4-6 h. 
Antiserum was separated and clarified by centrifugation at 1500 rpm for 
10 min to remove fibroin and blood cells etc. The straw yellow coloured 
supernatant was collected and stored in sterile small ampoules by adding a few 
crystals of sodium azide. (NaNs). 
(a) ELISA (Enzyme Linked Immunosorbant Assay): 
Direct antigen coating ELISA (DAC ELISA) was performed using 
CGMMV antisera. The basic technique was the same as described by Clark and 
Adams (1977). It is used for assaying by either a competitive or a double 
antibody method and for assaying a specific antibody (Ab) by an indirect 
method. Here through this method we measure Ab levels. 
The putative antiserum was reacted with specific Ag attached to a solid 
phase. Any specific antibody (Ab) molecule bind to the antigen (Ag) and all 
other material were washed away. Exposure of this complex to enzyme labeled 
anti-IgAb results in binding of specific antibody molecules adsorbed from the 
original serum. The complex was washed and the substrate of the enzyme was 
added, resuhing in the activity proportional to the amount of specific antibody in 
the original serum. Few enzymes like Horse radish-per-oxidase (HRPO) or 
alkaline phosphatase have been used to label antibodies. 
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PROCEDURE: 
1. First 100|al of antigen (l|ig) in carbonate buffer Ph=9.6 was coated in 
each well of micro Elisa plates. 
2. Plates was incubated at 37°C overnight in a humid chamber. 
3. Wells were blocked by lOO i^l of 1% BSA or non-fat dried milk (5%) in 
carbonate bicarbonate buffer in each well for 6hrs at 37°C in humid 
chamber. 
4. Wells were washed with Tween-TBS and incubate lOOjal of antiserum in 
each well for 6hrs. 
5. Wells were washed extensively with Tween-TBS buffer to remove 
unbound antigens (virion particles) and then 100^1 of antisera enzyme 
conjugate is added to each well. 
6. Incubate plate for Ihrs at 37°C. 
7. Wells were washed with Tween-TBS and 100^1 of substrate. Then we 
waited till the colour develops. 
Lastly, absorbance was measured at 450nm in Elisa reader. (Bio Red, USA) 
PBST (phosphate buffer saline and Tween-20): 
Sodium chloride 0.8% 
Sodium phosphate dibasic (Na2HP04 anhydrous) 0.115% 
Potassium chloride 0.02% 
Tween 20 0.05% 
Potassium phosphate monobasic (KH2P04anhydrous) 0.02% 
pH was adjusted to 7.4 before making up the volume to 100 ml with double 
distilled water. 
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(b) Double Antibody Sandwich-Enzyme Linked Immunosorbent Assay 
(DAS- ELISA): 
A modified procedure DAS-ELISA (Clark and Adams, 1986; Giles and 
Mores, 1996) was performed for the detection of CGMMV. 
i) 100|il diluted (1:500 dilution with coating buffer) CGMMV specific 
antibody was coated each well including blank. 
ii) Plate was incubated at 37°C for 2 h. 
iii) The plate was washed three to four times with PBST buffer to remove 
unbound antibodies. 
iv) 100|.il of leaf sap (extracted in sample extraction buffer) was added in 
each well except blank and incubated at 4"C overnight. 
v) After incubation plate was washed three to four times with PBST buffer to 
remove unbound antigens (virion particles). 
vi) 100|il diluted (1:500 in ECI buffer) enzyme conjugated antibody was 
added in each well including blank followed by incubation at 37°C for 
2h. 
vii) The plate was washed 3-4 times with PBST buffer. 
viii) 100|il (Img/ml) substrate (p-nitro phenyl phosphate) was added in each 
well followed by incubation at 37°C for 10 - 20 min. 
Lastly Absorbance was taken at 405 nm in ELISA reader (Bio Red, USA). 
Reagents: 
1. Sample extraction buffer 
Sodium sulphite (anhydrous) 13% 
Polyvinyl pyrolidone (PVP) 2% 
Sodium azide 0.02% 
Powdered egg (chicken) albumin 0.2% 
Tween20 2% 
pH was set to 7.4 before making the final volume to 100 ml in IX PBST 
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2. Coating buffer 
Sodium carbonate (anhydrous) 0.159% 
Sodium bicarbonate 0.293% 
Sodium azide 0.02% 
pH was adjusted to 9.6 before making the final volume to 100 ml with double 
distilled water. 
3. PBST (phosphate buffer saline and Tween-20) 
Sodium chloride 0.8% 
Sodium phosphate dibasic (Na2HP04 anhydrous) 0.115% 
Potassium chloride 0.02% 
Tween 20 0.05% 
Potassiumphosphatemonobasic 0.02% 
(KH2P04anhydrous) 
pH was adjusted to 7.4 before making up the volume to 100 ml with double 
distilled water. 
4. ECI buffer 
Bovine serum albumin (BSA) 0.2% 
Polyvinyl pyrolidone (PVP) 0.2% 
Sodium azide 0.02%) 
Make final volume 100 ml with IX PBST before adjusting pH 7.4 and store at 
4°C. 
5. Substrate (p-nitro phenyl phosphate) buffer, pH 9.8 
Magnesium chloride 0.01% 
Sodium azide 0.02% 
Diethanolamine 9.7% 
Volume was adjusted to 100 ml with double distilled water. 
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(12) IMMUNOSORBANT ELECTRON MICROSCOPY (ISEM): 
Method described by Derrick (1973) and modified by Milne and Luisoni 
(1977) was applied for ISEM. 
Preparation of Antiserum Dilutions: 
The different antisera were diluted with saline to bring down their 
microprecipitin titre and then further diluted 200 folds with 0.85% NaCl solution 
before use. 
(13) DECORATION OF VIRUS PARTICLES: 
The grids were again floated on the same antiserum with the same dilution 
and incubated at 37°C for one hour. The grids were then washed with 30 drops of 
distilled water, drained by touching their edge with filter paper and immediate!) 
floated on 2% aqueous uranyl acetate solution. The grids were then finally 
drained and air-dried and screened under electron microscope. 
(14) REVERSE TRANSCRIPTION POLYMERASE CHAIN 
REACTION (RT-PCR): 
In order to identify the virus, RT-PCR was carried out using specific 
primers. Reverse transcription is the process by which cDNA is synthesized 
from RNA. This has been done with the help of reverse transcriptase enzyme, 
which is RNA dependent DNA polymerase as it catalyses the conversion of 
RNA into cDNA 
Composition of RT-PCR reaction: 
(i) Amplification of cDNA using PCR: 
PCR is an efficient means of in vitro amplification of specific DNA 
sequence by using a pair of oligonucleotide binding to the opposite strands of 
DNA. PCR was devised and named by Mullis (1987). The prerequisites of the 
reaction are: 
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The DNA sample 
dNTP mix 
Primer pair 
Taq DNA polymerase 
Millipore water 
Thermal cycle 
The two complementary strands of DNA are separated (at 92-95°C). In 
the presence of dNTPs and primers the Taq A polymerase initiates the synthesis 
of two new strands complementary to the template. The template products are 
also complimentary to the primers; each successive cycle essentially doubles the 
amount of DNA synthesized in the previous cycles (except first). 
In general, PCR is a very useful tool in the detection and diagnosis of viruses and 
other pathogens specifically. 
(ii) Amplification of coat protein gene and movement gene: 
Pair of primers were designed from the sequence available in HMBl, 
database and used in RT-PCR. This lead to the amplification of complete coat 
protein gene as well as movement protein gene of CGMMV. Following primers 
were used: 
CPl (down): 5'-GAA GAG TCC AGT TCT GTT TC-3' 
CP2 (up): 5'-ACC CTC GAA ACT CTT TC-3' 
MPl (down): 5'- TAA GTT TGC TAG GTG TGA TC-3' 
MP2 (up): 5- ACA TAG ATG TCT CTA AGT AAG-3' 
Where CPl and CP2 are up and down primers for coat protein. Whereas 
MPl and MP2 are up and down primers for movement protein. 
Following components were assembled 
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Contents 
Taq buffer (1 Ox) 
dNTPmix(lOMm) 
Primer (up) 
Primer (d) 
cDNA 
Taq DNA polymerase 
Sterile water 
Total 
Quantity 
5^1 
1.5^1 
1^ 1 
1^ 1 
7^1 
0.5|il 
34nl 
50^1 
le reaction was carried out under the following temperatui 
Segment 
1) Initial denaturation 
2) Denaturation 
3) Annealing 
4) Elongation 
Temperature Duration 
94°C 
94°C 
53°C 
72°C 
5 min 
30 sec 
1 min 
1 min 
Steps 2-4 were repeated 34 times and final elongation was carried out at 72°C 
for 10 min. 
(iii) Checking of PCR product: 
After completion of amplification, the PCR product (10 \x\) mixed with 4 
p.1 of gel loading dye were loaded on 1% agarose gel and electrophoresed at 80 
volts for 1-2 hrs. 2 \i\ of 100 bp DNA markers with 4 |il of loading dye was 
loaded in another well for comparison. After run, the gel was stained in ethidium 
bromide and viewed under UV light (Trans-illuminator). 
After completion of amplification, the PCR product are loaded in 1% 
agarose gel and electrophoresed at 80 vohs for 1 -2 hours. 
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(iv) Gel was prepared as following: 
Agarose was in 1 xTAE buffer and completely dissolved by boiling. The 
melted agarose was poured into the preset assembly and allow solidifying at 
least for 30 min. after solidification, lOjil PCR product was mixed with 4^1 of 
100 loading dye and loaded in wells. 3|il of 100 bp DNA marker with 4^1 of 
loading dye was loaded in another well for comparison. After dye had run 
considerable distance, the unit was turned off and stained in Ethidium bromide. 
Amplified DNA was viewed under UV light (Trans-illuminator). 
Loading dye (6x) 
FicolMOO 15% 
Bromophenol blue 0.23% 
Xylene cyanol 0.25% 
TAB buffer (50x, per litre) 
Tris base 242g 
Glacial acetic acid 57.1ml 
EDTA (0.5 M, Ph8) 100ml 
(15) MULTIPLEX (RT-PCR): 
In order to amplify both the genes in one step reaction following protocol 
was followed. The process is same as in RT-PCR above, whereas the conditions 
and concentration is as follows: 
RT-PCR 
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First for Reverse Transcriptase: 
Contents 
RT-buffer (5x) 
RNA (2^g) 
40%mM dNTP mix (40 Mm) 
CP (d primer) (200|ig/|il) 
RNase inhibitor (28 [i/[xl) 
RT (MLV-RT, 200 \il\A) 
H2O 
Total 
Quantity 
10|il 
10^1 
2.5^il 
2.0|il 
l.O i^l 
1.0|il 
23.5|il 
50^l 
For Polynucleotide chain reaction :( PCR) 
Contents Quantity 
(Taq A buffer lOx) 5|il 
dNTPmix(lOMm) 5^1 
Coat protein Primer (up, 200ng/|il) 1^ 1 
Coat protein Primer (dn, 200ng/|il) 1 \x\ 
Movement protein (up, 200ng/|il) 1 |al 
Movement protein (dn, 200ng/|al) l|il 
Taq DNA polymerase 1 fxl 
cDNA 10|al 
Sterile water 25|il 
Total SO^ il 
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(16) IMMUNOCAPTURE REVERSE TRANSCRIPTION 
POLYMERASE CHAIN REACTION (IC-RT-PCR) AS 
DESCRIBED BY JAIN et al (1998): 
a) Pre treatment and antibody coating 
1. Thin walled 0.5ml micro-centrifuge tube (0.5ml, Tarsons, India) was first 
treated for 15 min each in 0.1 NHCl and 4N NaOH. 
2. After each treatment, the tubes were rinsed with PEST (0.02 M phosphate, 
0.5M saline, 0.05% Tween-20. pH 7.5) washed with 95% ethanol for 15 
min and air dried at room temperature. 
3. The tubes were then coated with 100 |al of CGMMV specific antibody 
diluted to 1:500 in the coating buffer (0.05 carbonate buffer, pH9.6) and 
incubated overnight at 4°C. 
4. The tubes were washed three times with sterile distilled water and used 
immediately or stored at 4°C till use. 
b) Sample preparation: 
1. Infected leaf tissue (Ig) from L. siceraria was homogenized in 5ml of 
extraction buffer (phosphate buffer saline, pH 7.4 containing 0.0IM 
sodium sulphate. 2% polyvinyl pyrrolidone (MW 40000), 0.02% sodium 
azide, 0.2%) powdered coated microfuge tube. ^^^ <* 
2. The extract was centrifuged and the supernatant (100|il) was loaded into 
the antibody coated microfiage tube. 
3. The tube was incubated at RT (20°C) for 2h. 
4. Supernatant was discarded and rinsed three times with autoclaved water. 
5. To destabilize the antibody bound virus particles 70|il sterile water was 
added to each tube, which was then subjected to two cycles of alternate 
freezing (-80°C) for 10 min and thawing (70°C) for 5 min. 
6. The tubes were then directly used for RT-PCR. 
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(17) ELUTION OF THE DNA BAND FROM THE AGAROSE GEL: 
The amplified product was eluted from the gel using the SIGMA Gen 
Elute' ^  extraction Kit(Germany). 
Procedure: 
1. The PCR product was electrophoresed and desired band was cut using 
sterile blade. The Weight of the gel slice (DNA fragment) was calculated 
by subtracting the weight of the DNA with ependroff from the empty 
ependroff. 
2. Three gel volumes of the Gel solubilization solution was added to the gel 
slice and incubated at 50-60°C for 10 min or until it gets completely 
dissolved. 
3. 500|j,l of the column preparation was added to the Gen Elite binding 
column and centrifuged for 1 min. Flow was discarded. 
4. Isoproponal was added according to the weight of the eluted gel band 
5. Gel sol. was then added to the binding column and was centrifuged twice 
for 1 min at room temp. Flow was discarded. 
6. 700|a.l wash solution was added to the binding column and was centrifuged 
for 1 min. 
7. Filters were taken out and were placed into new ependorff and 15|.il 
elution solution was added and centrifuged for 1 min. at room temp, 
followed with another addition of 15|il elution solution and centrifugation 
for 1 min. 
8. The pellet obtained was dried and resuspended in water and used as such. 
(18) LIGATION OF ELUTED DNA USING pGEM-T EASY VECTOR 
(PROMEGA, USA): 
Ligation is an energy dependent process by which the foreign DNA is 
sealed in vitro. Ligase enzyme is generally used in this process, which seals the 
foreign DNA fragment (having cohesive or blunt ends) to the cloning vector. 
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The pGEM-T easy vector has a unique 3'terminal thymidine to both ends 
preventing the re-circularization of the vector and providing complete overhangs 
for PCR product, which has 5' adenine to both ends (due to DNA polymerase). 
Reaction mixture 
Contents Volume 
2X rapid ligation buffer 5^1 
pGEM- T Easy vector(50ng) 1 i^l 
Eluted DNA (insert) 3 |il 
T4DNA ligase (2-3Weiss units) 1 \i\ 
Total 10 fil 
The reaction mixture was mixed by pipetting, centrifuged briefly and 
incubated overnight at 4°C in water bath. 
(19) TRANSFORMATION: 
Transformation is the process of uptake of foreign DNA by bacterial cells 
(£•. coli) from the medium. This uptake and retention of foreign DNA molecules 
is generally detected by examining the expression of the gene carried by the 
foreign DNA (Brown, 1995). For example, if foreign DNA contains the gene for 
resistance against certain antibiotics, to which normal bacterial cells are 
sensitive, the transformed cells become resistant to those antibiotics. These cells 
are checked for the expression of the antibiotic resistance by growth on a 
selective medium containing the antibiotics. The cells, which are not 
transformed, perish in such medium. 
(A) Preparation of competent cells: 
Competent cells can be prepared either freshly for each use or can be pre 
made and stored at -70°C for the transformation experiments. E. coli strainDHSa 
were taken to be used for transformation. 
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a) Procedure for preparing competent cells, which can be stored at -
TO^ C: 
1. Seed culture (5 ml) was grown using single colony and incubated 
overnight at 37°C in an incubatory shaker. 
2. Overnight culture (1 ml) was transferred into 250 ml production culture 
medium and incubated at 37°C till OD at 600 nm was around 0.5. 
3. Culture was cooled on ice for 15 min and centrifliged at 6000 rpm for 5 
min at 4°C. 
4. Supernatant was discarded carefully and the pellet was suspended in 70 
ml of ice cold, sterile 0.1 M CaC^. 
5. It was incubated on ice for 30 min and the cells were collected by 
centrifugation at 6,000 rpm for 5 min at 4°C. 
6. Supernatant was discarded and pellet was resuspended in 70 ml cold and 
sterile 0.1 M MgCb. 
7. It was incubated on ice for 30 min and centrifuged at 6000 rpm for 5 min 
at4°C 
8. The cells were finally recovered and suspended in 10 ml of O.IM CaCl^ 
containing 10% glycerol. 
9. Cells were divided into 200|il aliquots and immediately stored at ^O^C. 
b) Competent cells which can be used fresh each time: 
1. LB (50 ml) was inoculated with 50|il overnight culture of is. coli DH5a 
and allowed to grow at 37°C on shaker till OD at 600nm was around 0.5. 
2. Culture was cooled on ice and cells were pelleted down by centritiiging at 
5000 rpm for 5 min at 4°C. 
3. Supernatant was removed. The pellet was resuspended in 10 ml ice cold 
O.IM Cacl2 and incubated on ice for 15 min. 
4. Cells were recovered by centrifugation at 5000 rpm for 5 min at 4°C 
5. Cell pellet was resuspended in 2 ml of ice cold O.IM CaCl2 and aliquots o\' 
200|il each were prepared to be used for single transformation reaction. 
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These competent cells can be stored on ice for not more than 12-16 h. 
Reagents: 
Calcium chloride (CaClj): 0. IM 
Magnesium chloride (MgCl2): O.IM 
CaCl2 containing 10% glycerol: 0.1 M 
(20) TRANSFORMATION OF COMPETENT E. Coli CELLS: 
a) The competent c'ells were taken and allowed to thaw on ice for 10 min. 
Ligated product (lOfxl) was added and incubated on ice for 30 min. 
b) Heat shock was given at 42°C for 90 sec and immediately transferred to 
ice for 5 min. 
c) Fresh LB w/o antibiotics (800|al) was added and tube contents were 
incubated at 37"C for 1 h, with continuous shaking of the tube. 
d) The tube contents were centrifuged at 12000 rpm for 30 seconds and 
supernatant was discarded leaving approximately lOOfil of culture in the 
tube. 
e) The pellet was resuspended by pipetting broth and plated on LB agar 
plates containing ampicillin (150|ag/|il) using glass beads. 
f) The plate was then incubated at 37"C for overnight. 
(21) PLASMID DNA ISOLATION AND PURIFICATION: 
Boiling miniprep method by Holmes and Quingley (1981): -
1.5 ml of overnight grown culture was pelleted down in a microfuge. 
Supernatant was discarded and the pellet was resuspended in 110|il of STET. To 
the resuspended cells, freshly prepared lysozyme (in lOmM Tris HCl, pH 8.0) 
was added to a final concentration of 0.5 mg/ml. The tubes were incubated at RT 
for 5 min. These were then incubated in boiling water bath for 30-40 seconds. 
The suspension was centrifuged at full speed in a microfuge for 20 min. Pellet 
containing the cell debris was removed with the help of a sterile tooth prick. 
DNA in the supernatant was precipitated by one vol. of isopropanol. Precipitated 
DNA was collected immediately by centrifugation for 20 min at full speed in a 
microfuge. Supernatant was removed completely and the pellet was dried to 
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remove traces of isopropanol. DNA in the pellet was dissolved in sterile water 
and used a.s such for further manipulation. 
STET iBuffer: 8% sucrose, 0.5% tritonX-100, 50 mM Tris-HCl (pH 8), and 50 
mlVKEDTA (pH 8). Add Triton X-100 after autoclaving rest of the components 
Jm solution. 
Lysozyme preparation: Millipore water 297|il, IM Tris HCl (pH 8.0) 3|il and 
Lysozyme 3mg. 
(22) DIGESTION OF THE PLASMID DNA USING pvull 
This is used for the identification of plasmid bacteria colony that contains 
recombinant plasmids. 
CONTENTS AMOUNT 
Plasmid DNA 10.0^1 
lOx Buffer O^ (FermentasA^^TANGO ™) 5.0 |al/10.0 ^l* 
Enzyme PvwII (1 Ou/^l) 1.0 ^l 
Millipore water 34 |.il 
Total 50.0 1^ 
*Incase of Tango 10.0 |il is taken but in Genei 5.0 \i\ is taken. 
Procedure: 
i) The digestion mixtures were thoroughly mixed and centrifuged for a short 
run and incubated at 37°C in a water bath for 3 hours. 
ii) 2.5 volumes of cold absolute alcohol was added in the mixture and 
incubated at 20°C overnight or at -80°C for 45 min. 
iii) The contents were centrifuged at maximum speed for 20 minutes at 4"C . 
iv) The supernatant was removed and the pellet was resuspended in \5\\.\ 
water. 
v) Agarose gel 1% was prepared and 15|j.l of DNA was mixed with 4(j.l of 
gel loading dye. Electrophoresis was carried out at 80V for 2-3 hours. 
vi) After run the gel was stained in ethidium bromide l^g/(il for 5 min and 
visualized in UV transilluminator. 
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(23) SEQUENCING: 
(i) Automated sequencing: 
Sequencing reaction was carried out in automated sequencer (ABI Prism 
Model 310 version 3.4.1) using Big Dye terminator cycle sequencing kit V3 
(Applied Biosystem, USA) containing 3' fluorescent dye labeled with 
dideoxynucleotide triphosphates. The primer T7 (forward) and SP6 (reverse) 
were used in sequencing of clones of pGEM-T Easy vector. 
The reaction was setup as follows: 
For CGMMV CP 
Big dye terminator (reaction mix) 
Primer (1.6 pmole) 
CGMMV CP gene (purified plasmid) (0.3 ^g) 
Millipore water 
Total 
For CGMMV MP 
Big dye terminator (reaction mix) 
Primer (1.6 pmole) 
CGMMV MP gene (purified plasmid) (0.3 [ig) 
Millipore water 
Total 
4.0^1 
1.0 III 
2.0^1 
3.0 ^l 
10.0 \i\ 
4.0 III 
1.0^1 
2.0^1 
3.0 nl 
10.0 1^ 
The reaction mixture was mixed properly, centrifuged briefly to collect 
the mixture at the bottom of the tube and incubated in thermocycler (Gene amp 
9700). The cycling conditions of reaction were as follow: 
95°C for 10 sec (Denaturation) 
50°C for 40 sec (Annealing) 
60°C for 4 min (Extension) 
Steps were repeated for 25 times 
50 
Materials and Methods 
a. The volume of extension reaction products was raised to 100|il by adding 
H2O and precipitated by adding 10^1 of 3 M sodium acetate (pH 4.6) and 
250|il of absolute alcohol. 
b. The reaction mixture was centrifuged at 12,000 g for 20 min at room 
temperature. 
c. Supernatant was removed carefully and pellet was washed with 250|al 
70% alcohol twice at room temperature. 
d. The supernatant was again removed carefully and pellet was air-dried. 
e. The dry pellet was resuspended in 15^1 of Template Suppression Reagent 
(TSR). 
f The sample was denatured at 95°C in GeneAmp (PCR system 9700) for 5 
min. 
g. After denaturation, the sample was run in automated sequencer ABI Prism 
310. 
h. After run, electropheratogram was obtained and analyzed. 
(ii) Computer analysis of the sequencing data 
Sequencing data obtained was fed to the computer and analyzed with the 
help of tools like BLAST (Basic Local Alignment Search Tool), Multlalin, 
Expasy, Curatools and ClustalW. Our sequences were fed to BLAST and 
percent homology with others CGMMV CP and CGMMV MP sequences were 
obtained. 
(iii) Multiple alignment 
Multiple alignments were done by Multalin, ClustalW and Curatools 
software. Sequence homology of CGMMV CP and CGMMV MP were matched 
with other available sequences of CGMMV CP and CGMMV MP. 
(24) TRANSLATION: 
The nucleotide sequences were translated using the Expasy software and 
amino acid sequences were compared with other available amino acid sequences 
of CGMMV CP and CGMMV MP using Multalin program and % homology 
were obtained using BLAST program (Corpet, 1988). 
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(1) Natural Symptoms: 
Naturally infected plants of bottle gourd, Lagenaria siceraria (Mol.) 
Standi, found in and around the Aligarh district, showed characteristic mosaic 
(irregular light and dark green patches), dark green blisters with irregular 
outline as well as on the leaf At later stages the leaves were distorted, plants 
remained stunted and produced distorted and blistery fruits. 
(2) Glasshouse Symptoms: 
Similar symptoms to that of fie Id-infected plants were observed on the 
virus inoculated bottle gourd plants grown in glasshouse. Typical mosaic and 
vein clearing appeared nearly two weeks after inoculation. Leaf size was reduced 
and growth retarded. 
(3) Disease Incidence: 
Survey conducted to record the incidence of viral disease in 2002-2003 
revealed that the maximum incidence of the disease, more than 90 per cent is in 
the months of September and October. However, only 12-15 per cent was 
recorded in March and more than 79 per cent incidence was observed in 
December (Table 1 & Fig 1). 
Table 1: Incidence of CGMMV in different months during 2002-2003. 
S.No. Date of observation 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
September,2002 
October, 2002 
November, 2002 
December, 2002 
January, 2003 
February. 2003 
March, 2003 
April, 2003 
May, 2003 
June, 2003 
Number of 
plants 
observed 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
Number of 
diseased plants 
910 
900 
600 
790 
200 
80 
110 
800 
820 
820 
Percentage of 
disease 
incidence 
91 
90 
60 
79 
20 
8 
11 
80 
82 
82 
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Fig 1: Showing tlie Disease Incidence Found in Fields in Different Months. 
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(4) Selection of local lesion host: 
Several local lesion hosts were tried to ascertain which is most suitable 
for quantitative assay of the virus. C. amaranticolor was found to be a good 
local lesion host evoking discrete, countable lesions whereas no lesions were 
produced on C quinoa, C. murale, D, stramonium, and Gompherna globosa. 
Table 2: Number of local lesions on different local lesion hosts used for CGMMV. 
Local lesion hosts Average number of local lesions/leaf* 
C. amaranticolor 82 
C murale 
C. quinoa 
D. stramonium 
*Average number of local lesions/leaf on 5 plants with each having six fully expanded 
leaves. 
(5) Culture of Virus Isolate: 
Culture of the virus infecting bottle gourd was maintained by mechanical 
inoculation on bottle gourd (Anand hybrid). The culture was increased by inoculating 
healthy plants weekly. Periodic checks were made on local lesion host. C. 
amaranticolor to ensure the biological purity of the virus. The lesions developed after 
4-5 days were excised singly and macerated on glass slides separately with a glass 
spatula in a drop of phosphate buffer (0.01 M, pH 7.0) and inoculated separately to 
young bottle gourd leaves. From these plants the cuture was further maintained and 
increased. 
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(6) Transmission: 
(A) By Sap: The disease causing agents, designated as Cucumber green 
mottle mosaic virus was readily transmissible by sap prepared in 0.0 IM 
Phosphate buffer pH 7.0 from bottle gourd to bottle guard and other few hosts. It 
was found that there occurs 100% transmission of the disease in bottle gourd by 
sap inoculation using carborundum as an abrasive (TabieS & Fig 2). 
Table 3: Table showing transmission of disease in propogation hosts: 
S.No. 
1. 
2. 
3. 
4. 
Name of the plant 
Lagenaria siceraria{\ong) 
L. siceraria 
(round) 
Cucumis sativus 
Cucumis melo 
Number of 
plants 
inoculated 
10 
10 
10 
10 
Percentage of 
Transmission 
100 
90 
60 
50 
Results are based on 3 experiments with 5 plants of each one. 
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Results 
(B) By Aphids: 
Aphids were the most prominent insects present during the early growth 
stages of infection of bottle guard. Therefore, they were tested for the 
transmission of CGMMV. 
Four aphid species viz. Aphis gossipii Glov., A. craccivora Koch. 
Brevicoryne brassicae L. and Myzus persicae Sulz., were used for examining the 
transmission of virus. Nymphs from the healthy colonies were starved for 2-3 h 
and were given an acquisition access to diseased leaves of L. siceraha from 1 to 
2_ min to 24 hrs. There after, these aphids were placed on young healthy 
seedlings of bottle gourd from 1 min to 24h (inoculation feeding period). Eight 
to ten aphids were used per test plant. The acquisition and inoculation feedings 
were performed in small cages. After the inoculation feeding; spraying 0.2% 
cypermethine killed the aphids. The inoculated plants were then transferred to 
glasshouse for observing the development of symptoms. Back inoculations to C. 
amaranticolor from each inoculated plant of I. siceraria were made to confirm 
the presence of virus, if any. 
The results of the experiment as shown in the (Table 4) shows that virus 
causing mosaic disease on bottle gourd is not transmitted by any of the aphid 
species used. 
Table-(4): Transmission of CGMMV by A. craccivora, A. gossypii, B. 
brass icae and M, persicae. 
Acquisition 
Feeding 
Inoculation-
feeding 
Number of 
plants 
inoculated 
Number of 
plants 
infected 
"/oage of 
transmission 
1 min 
5 min 
10 min 
15 min 
30 min 
1 hour 
2 hours 
6 h ours 
12 hours 
24 hours 
1 min 
5 min 
10 min 
15 min 
30 min 
1 hour 
2 hours 
6 hours 
12 hours 
24 hours 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Results are based on 3 experiments with 5 plants of Z. sicernr^a^'^^^ ' ''-'-,. ^ 
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(C) By Soil: 
To study the probability of soil transmission of the virus in the bottle 
gourd fifty healthy seeds of L. siceraria were sown in autoclaved 4 clay pots 
containing soil collected from rhizosphere of virus infected bottle gourd plants. 
The development of symptoms was observed up to 2 months. Soil from around 
the healthy bottle gourd (as autoclaved already to grow the healthy seeds) was 
kept as control. Transmission of virus was noticed in about 60% plants. 
Symptom on back inoculation from the sap of infected soil plants to healthy 
cotyledons of bottle gourd as well as on C amaranticolor was found (Table 5). 
Table 5: Transmission of CGMMV by soil: 
Plants 
Bottle gourd 
(L. siceraria) 
Soil 
source 
Infected 
Healthy 
Number 
of seeds 
sown 
50 
50 
Number of 
seeds 
germinated 
47 
50 
Number 
of plants 
infected 
30 
-
%age 
transmission 
60.82 
0 
Results based on three experiments. 
(D) Seeds: 
The seeds collected from infected L. siceraria (cv. Fl Hybrid Anand) 
were sown but none of them developed any external symptoms nor they gave 
positive results on back inoculation on C amaranticolor. Hence CGMMV is not 
transmitted through seeds of infected plants. 
(E) By contact: 
To investigate the possibility of virus transmission by contact, 40 healthy 
and young plants of bottle gourd (Table 6) were kept between 50 inoculated 
plants (inoculated with CGMMV) and then allowed to grow in an insect proof 
glass house. After 50 days, all the plants were found infected. These results thus 
showed that the virus is transmitted by contact. 
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Table 6: Showing Transmission through Contact: 
Plants of bottle 
gourd used 
Healthy 
Infected 
Number of 
plants used 
40 
50 
Number of 
plants entwine 
40 
50 
Number of plants 
infected 
40 
50 
Results based on three experiments 
(F) Through Debris: 
In this experiment, the debris (freshly dried leaves) of diseased bottle 
gourd plants were mixed with sterilized soil. Healthy 50 seeds of bottle gourd 
were sown in the soil containing debris while 50 seeds were sown in the soil 
without debris to serve as control. 
After 6 weeks, infection was recorded in 75 of plants raised in soil 
containing debris of diseased plants whereas no infection was found in control. 
The result suggests the presence of virus in plant debris and its involvement in 
transmission of virus Table (7). 
Table (7): Showing the Transmission through Debris: 
Bottle gourd 
Soil with 
Debris 
Soil without 
Debris 
Number of p 
lants used 
50 
50 
Number of 
plants infected 
37 
-
%age of disease 
transmission 
75 
-
Resuhs based on three experiments 
(7) Host Range and Symptomatology: 
To study the host range of CGMMV bottle gourd isolate various plant 
species belonging to different families were raised from seeds in pots, in an 
insect proof glasshouse. These plants were tested for their susceptibility to the 
virus by sap inoculation. Three plants of each species were inoculated with the 
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virus. The inoculated plants were observed for 5-6 weeks and the plants, which 
did not develop symptoms, were tested back on C. amaranticolor. 
It was found that the host range of CGMMV was restricted to Cucurbitaceae and 
Chenopodiacea. 
PLANT SPECIES SYMPTOMS 
Chenopodiaceae 
Chenopodium amaranticolor Cholorotic Lesions (Fig: 3) 
Cucurbitaceae 
Lagenaria siceraria var long (Anand hybrid) 
L. siceraria var Round 
Cucumis melo 
C. sativus 
Mosaic (Fig: 5) 
Mosaic (Fig: 7) 
Mosaic (Fig: 10) 
Mosaic 
NON-HOSTS FOR CGMMV: 
Acanthaceae 
Adhatoda vasice Nees 
Ruellia tuherosa L. 
Aizoaceae 
Tetragonia expansa Mrr. 
Amaranthaceae 
Amaranthus caudatus L. 
Gomphrena globosa L. 
Apiaceae 
Coriandrum sativus L. 
Daucus carat a L. 
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Asteraceae 
Calendula officinalis L. cv Suttons lemon 
Dahlia pinnata Cav. 
Tagetes erecta L. 
Zinnia elegans cv. Giant Double Mixed 
Brassicaceae 
Brassica campestris L. 
Raphanus sativus L cv. Pusa Rashmi 
Caryophyllaceae 
Dianthus caryophyllus L 
Chenopodiaceae 
Chenopodium albutnL. 
C. murale L. 
C. quinoa L. Wild. 
Spinaceae oleracea L. cv. Pusa jyoti 
Cucurbitaceae 
Benincasa hispida Savi 
Citrulus vulgaris Schrad. 
Cucurbita moschata L. 
C. pepo L. 
Momodica charantia L. 
Fabaceae 
Cicer arietinum L. 
Glycine max (L.) Merr. 
Phaseolus vulgaris 
Pisum sativum L. cv. Bouneville 
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Malvaceae 
Ahelmoschus esculentus (L) cvs Pusa Mukhmali 
CVS Pusa Swami 
Nyctaginaceae 
Mirabilisjalapa L. 
Polemoniaceae 
Phlox drummondii Hook 
Solanaceae 
Capsicum annuum L. 
var.Pusa Jawala 
var. Chinese Giant 
var. Ruby King 
Datura stramonium L. 
Lycopersicon esculantum L. Var. Giant hybrid 
Var. Pusa Ruby 
Nicotiana tabacum L. Bhopali Pakra 
N. tabacum L. cv. Harrison's Special 
N. tabacum L. cv. Jayshree 
yV. tabacum L. cv.Samsun 
N. rustica Schrank 
N. occidentalis 
N. longoflora 
N. debneyi 
Petunia hybrida Vilm 
Solarium melongena L. cv. Globe 
cv. Manjri Gota 
S. tuberosum L. 
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Fig 3: Inoculated leaves of Chenopodium amaranticolor 
showing diffused ehlorotic local Lesions. 
Fig 4: Inoculated plant of L. siceraria showing deformed 
leaves with stunted growth. 
Fig 5: L. siceraria leaf showing mosaic and deformation 
after inoculation. 
Fig 6: A, Healthy leaf of L. siceraria . B, Naturally 
infected leaf of L. siceraria showing mosaic, 
mottling and raised green area 
Fig 7: Systemic infection seen after inoculating the 
leaves of L. siceraria( round). 
Fig 8: L. siceraria inoculated leaf showing 
chlorosis and vein necrosis 
Fig 9: Fruit obtained from the infected plant of 
L. siceraria, showing deformation in shape. 
Fig 10: Leaves of C. melo showing mosaic after 
inoculating the plant 
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Selection of Propogation Host: 
The selection of host was done on the basis of the maximum infectivity present 
in the selected hosts from among thjse tested viz, L. siceraria, Cucumis sative 
and C. melo. The test was done on C amaranticolor and the infectivity was 
assesed by the number of local lesions developed on C. amaranticolor. (Table8 
&Fig 11). 
TableS: Showing Maximum Infectivity Found in Different Host: 
No. of 
plants 
inoculated 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
Duration 
(days) 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
No. of local 
lesions on 
C amaranticolor 
Source plant 
(L. siceraria) 
84 
84 
78 
75 
75 
75 
69 
69 
62 
62 
No. 
on 
of local lesions 
C. amaranticolor 
Source plant 
{Cucumis sativus) 
58 
42 
39 
39 
28 
28 
23 
23 
19 
19 
No. of local 
lesions 
on C. 
amaranticolor 
Source plant 
(C. melo) 
40 
38 
38 
38 
27 
26 
19 
16 
16 
10 
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(7) Properties of the virus in the sap: 
Johnson (1927) suggested that thermal inactivation, dilution end point and 
longevity in vitro may help in identification of plant viruses. These properties 
gave an idea about the stability, concentration and properties of the virus in plant 
sap and provided information about the best environment to keep the virus and 
to maintain its infectivity. Although these studies have restricted values (Ross. 
1964) still they are of utmost importance in determining the procedure for the 
purification and characterization of the virus. 
Studies on these properties were carried out using L. siceraria (cv. Fl Anand) as 
donor host of the virus and tests were made on local lesion host C. 
amaranticolor. 
(A) Dilution End Point (DEP): 
The virus in crude sap was found to be infectious to a dilution of 10" but 
none of the plants inoculated were infected at a dilution of 10"'' (Table 9). Hence 
CGMMV has a dilution end point of 10"^ 
Table (9) -: Dilution end point of CGMMV 
Dilution 
Control 
(Undiluted) 
10-' 
10-^  
10-^  
10-^  
10-' 
10"^  
10-^  
10'^  
10-'^  
Number of 
inoculated 
plants 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
Number of local 
lesions/leal"* 
82 
79 
74 
49 
21 
10 
3 
0 
0 
0 
•Average number of local lesions /leaf based on 5 plants of C. amaranticolor 
having 6 leaves each. 
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(B) Thermal Inactivation Point (TEP): 
In crude sap the virus was still infective after being heated for 10 min at a 
temperature of 85°C (Table 10). Thus the TEP of CGMMV lies in between 85-90. 
Table 10: Thermal Inactivation Point of CGMMV. 
Exposure of temp 
in°C 
Control (unheated) 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
Number of plants 
inoculated 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
Number of local 
lesions/leaf* 
80 
76 
64 
57 
51 
46 
29 
23 
19 
08 
02 
0 
0 
0 
* Average number of local lesions /leaf based on 5 plants of C. amaranticolor 
having 6 leaves each. 
(c) Longevity in Vitro (LIV): 
Two samples of crude sap (30ml each), obtained from infected leaves of 
bottle gourd, and were kept in two sterilized vials. One was kept at room temp 
(20 ± 5°C). While the other in a refrigerator (4°C). Each sample was assayed on 
bottle gourd after a specific period of respective storage Table 11 & 12. The 
virus remained infective for 60 days (the period upto which it was tested) though 
infectivity was considerably reduced. At 4°C it retained infectivity upto 260 days 
(the period upto which it was tested). 
Results 
Table 11: Effect of storage on infectivity of CGMMV in plant sap at room 
temp (20 ± 5 °C). 
Storage in Days 
00 
2 
6 
10 
14 
18 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
Number of local lesions/leaf* 
81 
72 
69 
68 
63 
59 
58 
51 
49 
47 
45 
40 
38 
37 
37 
36 
30 
* Average number of local lesions /leaf based on 5 plants of C. amaranticolor 
having 6 leaves each. 
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Tablel2: Effect of storage on the infectivity of CGMMV in plant sap at 4°C. 
Storage in days Number of local 
lesions/leaf* 
00 82 
10 79 
20 74 
30 73 
40 69 
50 69 
60 69 
70 68 
80 68 
90 67 
100 67 
110 64 
120 59 
130 53 
140 53 
150 53 
160 53 
170 53 
180 50 
190 50 
200 50 
210 50 
220 50 
230 48 
240 48 
250 48 
260 48 
:fl( 
having 6 leaves each 
* Average number o  local lesions /leaf based on 5 plants of C amaranticolor 
(8) PURIFICATION: 
Standardization of Extraction Medium:-
(a) Effect of buffers: 
The effect of various buffers viz. acetate, borate, citrate and phosphate at 
different pH values was compared for the extraction of CGMMV from infected 
L. siceraria leaves. The extracts obtained after low speed (6,000 rpm for 10 min) 
were assayed on C. amaranticolor for the comparison of the virus infectivit}. 
Phosphate buffer (0.01 M) at pH 7.0 retained maximum infectivity of the virus. 
Table-13&Figl3. 
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Tablel3: Effect of various buffers at different pH levels on the infectivity of 
CGMMV: 
Buffer pH Average number of local lesions/leaf* 
O.IM Acetate 10 08 
5.5 16 
6.0 19 
6.5 24 
7.0 28 
7.5 29 
8.0 20 
8.5 4 
9.0 0 
O.IM Borate 5.0 14 
5.5 18 
6.0 27 
6.5 38 
7.0 42 
7.5 54 
8.0 60 
8.5 51 
9.0 34 
O.IM Citrate 5.0 10 
5.5 21 
6.0 34 
6.5 39 
7.0 43 
7.5 50 
8.0 27 
8.5 14 
9.0 06 
O.IM Phosphate 5.0 32 
5.5 50 
6.0 60 
6.5 69 
7.0 82 
7.5 70 
8.0 64 
8.5 44 
9^ 0 28 
* Average number of local lesions /leaf based on 5 plants of C.amaranticolor 
having six leaves each. 
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Effect Of Various Buffers at Different pH 
5 9 
-0.1 M Acetate - B - O . I M Borate 0.1 M Citrate -*—0.1M Ptiosphate 
Fig 13: Showing Effect of various Buffers at Different pH levels on the 
infectivityofCGMMV: 
Results 
(B) Effect of Molarity: 
Attempts were made to determine the most suitable molarity of potassium 
phosphate buffer pH 7.0 for virus infectivity. The virus infected leaves of L 
siceraria cv. (Fl Hybrid Anand) were macerated in phosphate buffer pH 7.0 at 
different molarities. The sample was assayed on local lesion host to compare 
virus infectivity. 
It is clear from the table that the extraction of the infected leaves in 0.0IM 
potassium phosphate buffers at pH 7.0 gave the highest infectivity 
Table 14 & Fig 14. 
Table 14: Effect of Different molarity on the infectivity of CGMMV using 
phosphate buffer pH 7.0. 
Molarity Number of local Lesions/leaf* Relative infectivity %age 
O.IM 40 71.64 
0.02M 50 74.62 
O.OIM 82 100 
0.15M 50 74.62 
0.2M 40 71.64 
0.5 M 58 86.00 
* Average number of local lesions /leaf based on five plants of C amaranticolor 
having six leaves each. 
Thus for the extraction of virus from infected tissue and maintaining the 
extracts at different stages of purification, O.OIM potassium phosphate buffer pH 
7.0 was found to be suitable at which virus infectivity was the highest. 
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Fig (14) Idfectivity found at different Molarities of phosphate buffer. 
Results 
(C) Effect of Additives: 
Among the different additives which were added to the inoculum to find 
out their effect on virus infectivity viz. Sodium sulphite, Thioglycolic acid and 
ethylenediamine tetra acetic acid (EDTA); it was found that sodium sulphite 
(0.1 %) together with ethylenediammine tetra acetic acid (EDTA 0.1%) 
enhanced the infectivity of virus. 
Results given in Table 15 and Fig 15 shows that sodium sulphite (0.1%) 
along with EDTA (0.01%) increases the infectivity of the virus. 
Table 15: Effect of different additives on the infectivity of CGMMV 
Additives Average number of local 
Lesions/leaf* 
Control Treated 
Percent increase 
in infectivity 
Thioglycolic acid 
(0.1) (A) 
Sodium sulphite 
(0.1%) (B) 
Ethylenediamine 
tetra acetic acid 
(0.01%) (C) 
A+B 
A+C 
B+C 
75 
75 
75 
75 
75 
75 
75 
90 
85 
81 
86 
98 
* Average number of local lesions /leaf based on five plants of C amaranticolor 
having six leaves each. 
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Graph Figl5: Showing the effect of additives 
on the infectivity of virus 
Results 
(9) Clarification of extract by organic solvents: 
The extracted sap in phosphate buffer O.OIM pH 7.0 was mixed with 
different organic solvents either alone or in combination and stirred for about an 
hour at 4°C. Samples were then centrifuged for 20 min at 10,000 rpm and the 
supernatant was chilled for 2 hours to induce precipitation. A second 
clarification removed much green material. The uhimate fluid was assayed on C. 
amaranticolor for comparison of virus infectivity 
Results as shown in the Table 16 and Fig 16 indicate the highest infectivity was 
obtained with 30% butanol, therefore, used routinely for claritlcation. 
Table 16: - Effect of some organic solvents on virus infectivity: 
Treated 
98 
101 
110 
84 
88 
74 
59 
44 
34 
78 
65 
40 
71 
71 
64 
68 
45 
32 
* Average number of local lesions /leaf based on 5 plants C. amaranticolor 
having six leaves each. 
A*Butanol 
B * * Carbon tetra chloride 
C***Chloroform 
Hence Butanol 30% is the effective solvent for the clarification of the virus. 
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Organic Solvents 
A* 
g** 
Q*** 
A+B(l:l) 
A+C(l:l) 
B+C(l:l) 
Solvent 
percentage 
10 
20 
30 
10 
20 
30 
10 
20 
30 
10 
20 
30 
10 
20 
30 
10 
20 
30 
Averag( 
Control 
z nui 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
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Figl6: Showing the Effect of Organic Solvents on 
The Infectivity Of Virus 
Results 
(10) Precipitation of virus with Polyethylene Glycol (PEG 6000MW): 
Precipitation of CGMMV from clarified extract obtained after butanol 
treatment and low speed centrifugation was attempted with different 
concentrations (2.4,6 and 8%) of polyethylene glycol (PEG 6000MW) with or 
without NaCl (0.1%). The precipitate obtained in each case was suspended in 
extraction buffer and centrifuged for 20 min. at 10000 rpm. Diluted supernatant 
with extraction buffer was brought to the original volume and assayed on C. 
amaranticolor to find out whether the virus is precipitated by PEG under the 
experimental conditions .The clarified preparation obtained after low speed 
centrifuge was also inoculated on C. amaranticolor for the comparison of virus 
infectivity (Table: 17 & Fig: 17). 
It is evident from the results given in the table that the maximum recovery 
was with 6% PEG and 0.1% NaCl. It indicates that most of the virus present in 
the extract was precipitated by 6% PEG containing 0.1% NaCl. 
TablelV: Effect of PEG and NaCl on the precipitation of CGMMV. 
PEG % NaCl % Average Number of local 
lesion/leaf* 
Conl 
02 0.1 
02 
04 0.1 
04 
06 0.1 
06 
08 0.1 
08 
* Average number of local lesions / leaf based of five plants of C. amaranticolor 
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ontrol 
110 
110 
110 
no 
110 
110 
110 
110 
Treated 
56 
50 
99 
96 
135 
98 
89 
60 
Effect of PEG and NaCI on the Precipitation of CGMIVIV 
2(0.1) 2(0.0) 4(0.1) 4(0.0) 6(0.1) 
PEG(NaCI %) 
6(0.0) 8(0.1) 8(0.0) 
• Control • Treated 
Figl7: Showing the Effect of PEG and NaCI on 
the Infectivity of Virus 
Results 
(11) Purification: 
200 gms infected leaves of Lagenaria siceraria were grinded in 400 ml of cold 
phosphate buffer containing 0.1% sodium sulphite and 0.1 % EDTA. 
Squeezed through muslin cloth 
I 
Centrifuged at 6000 rpm for 10 min 
Pellet 
Miscard"! 
Supernatant 
I 
Added 30% butanol drop by drop while stirring for 15 min. 
at 4°C followed by centrifugation at 10,000 rpm for 10 min 
i 
Pellet (discard) 
Supernatant 
; 
Added 6% PEG + 0.1% NaCl 
I 
Stirred for 2 hour 
i 
Low speed centrifugation at 
10.000 rom for 10 min. 
[ I 
Supernatant Pellet 
Resuspended in 0.0IM phosphat buffer pH 7.0 (12ml) and 
centrifuRC at 15000 rpm for lOn min. 
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T 
Pellet (discard) 
>r 
r^ 
Supernatant 
; 
Centrifuged at 50,000 rpm 10 
I 
T 
Supernatant (discard) 
1" 
Pellet Suspended in 0.01 M phosphate buffer pH 7.0 
(2ml) and centrifuged at 10,000 rpm for 10 min. 
Pellet (discard) Supernatant* (Partially purified virus suspension) 
''Assayed for virus infectivity on C. amaranticolor 
Fig 18. Flow diagram for the purification of CGMMV 
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Table 18: Showing the icrease in the infectivity with increasing the 
purification steps: 
Purification steps Average number of local 
lesions/leaf* 
Supernatant (after 1st low 125 
speed) 
Clarification 130 
(Butanol treatment) 
PEG + NaCl precipitation 137 
Differential centrifugation 142 
• Average number of local lesions / leaf based of five plants of C 
amaranticolor 
Thus is evident from the table (18) as well as from the flow diagram that 
the purified virus obtained has highest infectivity than the clarified sap. This 
is therefore, the best way to precipitate virus with minimum plant proteins and 
other particles. Thus is preferred method for the virus purification and can be 
applied for purification of this virus. 
(12) Density gradient centrifugation: 
The light scattering band (Fig 19) that is the virus zone removed from the 
tubes was diluted with phosphate buffer (0.0IM, pH 7.0) and the virus pellted 
down by high-speed centrifugation 50,000 rpm for 2 hrs. The pellet obtained was 
resuspended in phosphate buffer (O.OIM, pH7.0) and centrifiiged at low speed 
(15.000 rpm for 15 min.). The supernatant thus obtained was purified virus 
preparation and when inoculated on C amaranticolor, the infectivity of virus 
was higher as compared to partially purified virus. 
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Band showing 
purified virus 
Fig 19: Virus band seen after 
sucrose density gradient 
centrifugation 
Results 
(12) UV ABSORPTION SPECTRA OF PURIFIED CGMMV: 
The purified virus preparations when screened in a CE 594 Double 
Beam Spectrophotometer after diluting about 25 times shows UV range values 
Amax\AmJn, A26o\A28o=l-2078 which is required value for the virus as is shown in 
the Table (19) and Fig(20), 
This is the required value for the purified virus. 
Table 19: Showing absorbance of virus at different wavelength: 
WAVELENGTH (nm) ABSORBANCE (O.D) 
220 0 I9I2 
240 0.3012 
260 0.3812 
280 0.3242 
300 0.2942 
320 0.2642 
Determination of A26o\A28o to get the required value for purified virus 
A at 260nm 0.3812 
- - - 280nm 03242" 
A260/A280 1.2078 
74 
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Fig 20: showing absorbance of virus at different wavelengths. 
Results 
(13) CHARACTERISTIC OF VIRAL NUCLEIC ACID: 
(a) Isolation of viral nucleic acid: 
The nucleic acid of CGMMV, isolated by phenol-chloroform method gave 
positive results when assayed on C amaranticolor. 
Type of Nucleic Acid: 
A260/A28o = 0.9320+0.0454 (RNA%)-0.0006 (RNA%)' 
RNA%=x 
1.2078=0.9320+0.0454 (x)-0.0006 (x)^ 
x = 5.98appro=6% 
Therefore the RNA percentage of CGMMV is 6%. 
Extinction Coefficient of CGMMV 
On the basis of standard curve and equation by Gibbs and Harrison (1976), the 
extinction coefficient of CGMMV is: 
= 2.7573 
Buoyant Density and Specific volume of CGMMV 
According to the standard curve and the equation by Gibbs and Harrison 
(1976) buoyant density and partial specific volume of the CGMMV is obtained 
as follows. 
Buoyant density = 1.2922 + 0.0011 (RNA) + 0.0001 (RNA)^ 
=1.36157g/cm^ 
Partial specific volume =1/Buoyant density 
= 0.7344 
The buoyant density of CGMMV is 1.36157g/cm'^and specific volume is 
0.7344. 
(14) Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS 
PAGE): 
Molecular weight protein of CGMMV which was determined by using 
SDS-PAGE using acrylamide concentration of 12% for resolving gel (lower gel) 
showed a band of 17,200 daltons when was compared with the help of Protein 
Marker (Rainbow marker). Table 20 and Fig 21. 
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Table 20: Values of Molecular Weight of Virus Protein given in DNA 
marker (Rainbow marker) 
Protein Ladder Molecular Weight 
Oval albumin 45kD 
Carbonic anhydrase 30kD 
Trypsin inhibitor 20.1kD 
Lysozyme 14.3kD 
Aprotein 6.5kD 
Insulin(b) 3.5kD 
Insulin(a) 2.5kD 
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17.2K 
20. IK 
Fig 21: SDS-PAGE of crude protein from purified 
virus. Lane 1-3: coat protein of CGMMV (17.2 KD) 
and lane 4: narrow range protein marker 
Results 
(15) ELECTRON MICRISCOPY: 
The purified CGMMV suspension negatively stained with 2% (w/v) 
uranyl acetate revealed the presence of straight tubular virions with the common 
length of 280nm and width of 14.5 nm (Fig22). 
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Fig 22 Electron micrograph showing rod shaped virus particle 
from a negatively stained preparation of clarified virus 
preparation obtained from virus infected leaves of 
L. siceraria 
Results 
(16) SEROLOGY: 
The antiserum of CGMMV by injecting tlie rabbit with one intravenous 
injection containing 200|ig of virus preparation, same amount of Freunds 
complete adjuvant as well as phosphate buffer saline (pH 7.4), so that final 
concentration of all the three (1:1:1) is 600|il, were given, followed by two 
intramuscular injections containing 100|il virus preparations, emulsified with an 
equal volume of Freund's incomplete adjuvant at weekly intervals. Several test 
bleeding were made to check the antibody titre in the serum. 
After the titre reached its maximum, the immunized rabbit was finally bled by 
giving sharp incision (after 20, 30 and 60 days) on the marginal vein of the ear 
other than that used for the injection. The collected blood (15ml) was allowed to 
coagulate for 2h at room temperature (20 ± 5°C) and kept in refrigerator at 
ISOOOrpm for 10 min to remove fibrin and blood cells. The supernatant 
containing antiserum was cooled and stored in sterile small ampoules by adding 
a few crystals of sodium azide (NaNs). 
The antiserum was used for determining the titre, which was found to be more 
than 80.000. (Fig: 23) 
(17) ELISA (Enzyme Linked Immunosorbant Assay): 
Direct antigen coating ELISA (DAC ELISA) as well as Double Antibody 
Sandwich-ELISA (DAS- ELISA) was performed using CGMMV specific 
antibody (Ab) raised against the same virus in the rabbit. After goin^ through 
DAC ELISA. it was found that the wells of the Elisa plate shows different 
intensity of same colour proportional to the amount of specific antibody in the 
original serum after treating it with different dilutions. The ELISA plate showing 
decreasing intensity of the virus is shown in the Fig 24. Where as the results in 
case of DAS ELISA shows the presence of CGMMV after coating with specific 
antibodies (obtained from Agdia, USA). 
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Fig 23: showing absorbance up 
to 80,000 dilutions. 
" ^ ^ f 
Fig. 24; ELISA plate showing decrease in 
intensity with increase in dilutions 
JiSi^ 
Results 
Table 21: Absorbance measured at 450nin in ELISA reader. (Bio Red, USA) 
Negative Control* 0.235 
Absorbance value for purified virus 1.023 
Absorbance value for leaf extract infection 0.876 
Note: - Antibody was taken from IHBT Palampur (Agdia, USA) for reference. 
* Control was sap obtained from healthy leaves of Z. siceraria 
(18) Immunosorbent electron microscopy (ISEM): 
The purified virus isolated from infected leaves of bottle gourd were 
further examined for immunosorbent electron microscopy (ISEM). in which 
CGMMV was decorated by homologous antiserum raised in the rabbit as well as 
the antibodies provided by (USA, Biored). The virus particles in both the cases 
were nicely decorated (Fig25). 
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Fig 25: Electron micrograph showing decoration of 
virus particles with homologous antibodies raised 
against the CGMMV. 
Results 
*. 
(19) Isolation of RNA from purified as well as RNA Aquous (Ambion, 
USA: 
RNA which was obtained after isolating it from purified virus with the 
help of phenol-chloroform isolation method as well as from intact virus (kit; 
RNA Aquous^"^ (Ambion, USA :) was loaded on the gel and the RNA band was 
seen. 
(20) NUCLEIC ACID BASED DETECTION: -
Reverse transcription polymerase chain reaction: 
Limitation of ELISA to detect the virus may be overcome by the use of 
RT-PCR and IC-RT-PCR has been shown to have great significance for the 
detection of plant viruses (Frank et al., 1997 ;). 
Total RNA as well as RNA from the purified virus was used for RT-PCR. 
Specific primers for the coat protein gene (5'-GAA GAG TCC AGT TCT GTT 
TC-3' for CP up and 5' ACC CTC GAA ACT CTT TC-3' for CP-dn) and for 
movement protein gene (5' TAA GTT TGC TAG GTG TGA TC-3' for MP-up 
and 5. ACA TAG ATG TCT CTA AGT AAG-3' for MP-dn) were designed 
during the present study on the basis of other CGMMV coat protein gene 
sequence and movement protein gene sequence available in the database. R'f-
PCR resulted in the amplification of- 486bp for CP and -795 bp for MP (Fig: 
26 & 27). 
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486 bp 
Fig 26: Gel electrophoresis of CGMMV for CP. 
Lane 1: 100 bp Molecular weight DNA Marker 
CP Lane2: MP of CGMMV 
795 bo 
Fig 27: Gel electrophoresis of CGMMV for MP. 
Lane 1: 100 bp Molecular weight DNA marker 
lane 3: MP of CGMMV 
Results 
(19) IMMUNOCAPTURE REVERSE TRANSCRIPTASE 
POLYMERASE CHAIN REACTION (IC-RT-PCR): -
IC-RT-PCR was performed as described by Varveri et al, (2002) with 
minor modifications. After IC-RT-PCR, we obtained 486 and 795 long 
fragments as compared with lOObp DNA marker (Genei, Banglore).IC-RT-PCR 
and IC-RT-PCR are more rapid, reliable and specific. 
(20) MULTIPLEX: 
This is a time as well as cost saving method in which more than one 
genes are amplified. Here we had amplified both the genes viz, coat protein gene 
and movement protein gene simutaneouly in one step condition of PCR using 
same set of primers (Fig-28). 
(21) Plasmid DNA isolation and purification: 
Boiling miniprep method by Holmes and Quingiey (1981), 
After the DNA band obtained, it was first eluted than ligated in pGEM-T 
Easy vector (promega, USA) as is described in materials and mathods and is 
shown in Fig(21) followed by transformation to get colonies with specific 
insert. This insert was checked by going for plasmid isolation and then digesting 
the plasmid with Pvull enzyme to check the insert. Here we got the required 
bands as is shown in the Fig 29. 
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795 bp 
48«bp 
Fig 28: Gel electrophosis of multiplex PCR for 
CGMMV using primers of MP and CP. Lane 1: 
PCR product, lane 2: 100 bp DNA marker 
-900 bp 
'llSObp 
Fig 29: Gel electrophoresis of CGMMV Cp and MP gene after cloned and 
restriction digestion. Lane 1-3: CP digested with Pvu II; lane 4: 100 bp DNA 
ladder and lane 5-8 MP gene cloned in pGEM T Easy and digested with Pvu II 
Results 
RESTRICTION MAPPING: 
In Fig (30) pGEM® T Easy vector contains a multiple restriction sites 
with the multiple cloning regions (T7.SP6). These restriction sites allow for the 
release of the insert by digestion with a single restriction enzyme. The pGEM® 
T Easy vector multiple region is flanked by recognition sites for the restriction 
enzyme EcoRl, BstZl. Pvu II etc DNA of both MP and CP was digested with 
Pvu II to give a fragment of required size however it cuts DNA band ~ 1150 for 
MP and -900 for CP. this gives an additional ~451bp .Out of this with the help 
of double digestion we get our required band of 795 for MP and 486 for CP 
which was later sequenced and sequence resembles to that of CGMMV. 
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Fig30: pGEM® T Easy vector used for the cloning 
CGMMV CP and MP genes. 
Results 
(21) SEQUENCING ANALYSIS: 
We analysed the sequence data with the Sanger's dideoxy chain 
termination method. Data were searched with the BLAST programe (Altschul et 
al., 1997) using tobamoviruses sequences retrieved from GenBank database. All 
data sets were subjected to bootstrap analysis and used to build a phylogenetic 
tree by means of the tree view win 32 program (Page, 1996). 
The nucleotide sequences and deduced aminoacid sequences of CGMMV 
were compared with those of the previously reported CGMMV strains as well as 
of other members of the tobamoviruses genes. It was found that the CP of the 
virus shows 91-99 percent homology with the available data base sequences 
except Yodo and C strain of Cucumber green mottle mosaic virus where as MP 
of the virus too shows 93-98 persent homology with the available database 
except Yodo and C strain of CGMMV. Multiple alignments were generated by 
the MULTIALIN program (Corpet, 1988). All data were subjected to bootstrap 
analysis and were used to build a phylogenetic tree (Page, 1996). 
Sequence homology 
The nucleotide sequence and aminoacid sequence of the coat protein and 
movement protein of present isolate submitted to the GenBank with accession 
number AJ748352, AJ748353 was aligned with other sequences reported from 
different countries of the world. The result showed that nucleotide sequences of 
the coat protein and movement protein of Aligarh isolate were 91-99 percent 
homologous with other available sequences in EMBL database (Fig 31, Fig32) 
and has no resemblance with that of Yodo group. Their Accession No. as well 
as the sequences of the groups with whom the present sequences were aligned 
are given below. 
1) AY584530 isolate GGR movement protein 
2) AY584529 isolate CGR movement protein 
3) AY584528 isolate WGR movement protein 
4) NC 001801 isolate (SH strain). 
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5) AF417243 isolate KOM 
6) AF417242 isolate KW 
7) AB015146 isolate Watermelon str 
8) AB01514 isolate strain Yodo. 
9) AB015144 isolate strain C. 
10) AJ243353 isolate Korea . 
U) D12505(SH Japan). 
12) AJ429090(France str.). 
13) NC_001801 (SH str.). 
14) AJ459423 isolate GR7. 
15) AJ459422 isolate GR5. 
16) AJ459421 isolate GR3. 
17) AF417243 isolate KOM 
18) A Y309021 isolate Bottlegourd 
19) AF417242 isolate KW 
20) AB015146 (Str. Watermelon). 
21) AB015145 strain Yodo. 
22) AB015144 strain C. 
23) AF225984 ) str. isolate Korea 
24) AJ243831 NS strain. 
25) AJ245440 strain Y 
26) D01188(SH Japan). 
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Cucumber green mottle mosaic virus cp gene for capsid protein (CP) gene 
by T7 PRIMER (Present isolate): 
ATGGCTTACAATCCGATCACTCCTAGCAAACTTATTGCGTTTAGT 
GCTTCTTATGTTCCCGTCAGGACTTTACTTAATTTTCTAGTTGCTT 
CACAAGGTACCGCTTTCCAGACTCAAGCGGGAAGAGATTCTTTCC 
GCGAGTCCCTGTCTGCGTTACCCTCGTCTGTCGTAGATATTAA IT 
CTAGGTTCCCAGATGCGGGTTTTTACGCTTTCCTCAACGGTCCTG 
TGTTGAGGCCTATCTTCGTTTCGCTTCTCAGCTCCACGGATACGC 
GTAATAGGGTCATTGAGGTTGTAGATCCTAGCAATCCTACGACTG 
CTGAGTCGCTTAACGCTGTAAAGCGTACTGATGACGCGTCTACA 
GCCGCTAGGGCTGAAATAGATAATTTAATAGAGTCTATTTCTAAG 
GGTTTTGATGTTTACGATAGGGCTTCATTTGAAGCCGCGTTTTCG 
GTAGTCTGGTCAGAGGCTACCACCTCGAAAGCTTAG 
Translation: 
M e t A Y N P I T P S K L I A F S A S Y V P V R T L L N F L V A S Q G T 
A F Q T Q A G R D S F R E S L S A L P S S V V D I N S R F P D A G F Y 
A F L N G P V L R P I F V S L L S S T D T R N R V I E V V D P S N P T I 
A E S L N A V K R T D D A S T A A R A E I D N L I E S I S K G F D V Y 
D R A S F E A A F S V V W S E A T T S K A Stop 
The sequences of CP nucleotide gene for capsid protein (CP) with which we 
have gone for blast are as following 
1 50 
France ATGGCTTACA ATCCGATCAC ACCTAGCAAA CTTATTGCGT TTAGTGCTTC 
Watermelon ATGGCTTACA ATCCGATCAC ACCTAGCAAA CTTATTGCGT TTAGTGCTTC 
W ATGGCTTACA ATCCGATCAC ACCTAGCAAA CTTATTGCGT TTAGTGCTTC 
SH ATGGCTTACA ATCCGATCAC ACCTAGCAAA CTTATTGCGT TTAGTGCTTC 
SHJapan ATGGCTTACA ATCCGATCAC ACCTAGCAAA CTTATTGCGT TTAGTGCTTC 
KW ATGGCTTACA ATCCGATCAC ACCTAGCAAA CTTATTGCGT TTAGTGCTTC 
NS ATGGCTTACA ATCCGATCAC ACCTAGCAAA CTTATTGCGT TTAGTGCTTC 
KOM ATGGCTTACA ATCCGATCAC ACCTAGCAAA CTTATTGCGT TTAGTGCTTC 
WK ATGGCTTACA ATCCGATCAC ACCTAGCAAA CTTATTGCGT TTAGTGCTTC 
Bottlegourd ATGGCTTACA ATCCGATCAC ACCTAGCAAA CTTATTGCGT TTAGTGCTTC 
ALl ATGGCTTACA ATCCGATCAC TCCTAGCAAA CTTATTGCGT TTAGTGCTTC 
Y ATGACTTACA ATCCGATCAC ACCTAGCAAA CTTATTGCGT TTAGTGCTTC 
GR7 ATGGCTTACA ATCCGATCAC ACCTAGCAAA CTTATTGTGT TTAGTGCTTC 
GR5 ATGGCTTACA ATCCGATCAC GCCTAGCAAA CTTATTGCGT TTAGTGCTTC 
GR3 ATGGCTTACA ATCCGATCAC GCCTAGCAAA CTTATTGCGT TTAGTGCTTC 
Yodo ATGTCTTACT CGATCAGTAG TTTCCGTTCG CTTCCTGCTT ACACTAAGTC 
C ATGTCTTACT CAACCAGTGG TATTCGTTCG CTTCCTGCTT TCGCT/\AGTC 
Consensus ATGgCTTACa atccgAtcac .cctaGcaaa CTTatTGCgT ttagTgctTC 
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France 
Watermelon 
W 
SH 
SHJapan 
KW 
NS 
KOM 
WK 
Bottlegourd 
ALl 
Y 
GR7 
GR5 
GR3 
Yodo 
C 
Consensus 
51 
TTATGTTCCC 
TTATGTTCCC 
TTATGTTCCC 
TTATGTTCCC 
TTATGTTCCC 
TTATGTTCCC 
TTATGTTCCC 
TTATGTTCCC 
TTATGTTCCC 
TTATGTTCCC 
TTATGTTCCC 
TTATGTTCCC 
TTATGTTCCC 
ATATGTTCCT 
ATATGTTCCC 
CTTTTATCCT 
CTTTTATCCT 
.TaTgtTCCt 
101 
CCGCCTTCCA 
CCGCCTTCCA 
CCGCCTTCCA 
CCGCTTTCCA 
CCGCTTTCCA 
CCGCTTTCCA 
CCGCTTTCCA 
CCGCTTTCCA 
CCGCTTTCCA 
CCGCTTTCCA 
CCGCTTTCCA 
CCGCTTTCCA 
CCGCTTTCCA 
CTGCTTTTCA 
CTGCTTTTCA 
GGGCTCTTCA 
GTGCTCTGCA 
c.GCttT.CA 
151 
GCGTTACCCT 
GCGTTACCCT 
GCGTTACCCT 
GCGTTACCCT 
GCGTTACCCT 
GCGTTACCCT 
GCGTTACCCT 
GCGTTACCCT 
GCGTTACCCT 
GCGTTACCCT 
GCGTTACCCT 
GCGTTACCCT 
GCGTTACCCT 
GCGTTACCTT 
GCGTTACCTT 
GGGTTGTTAA 
GGGTTGTTAA 
GcGTTacc.t 
GTCAGGACTT 
GTCAGGACTT 
GTCAGGACTT 
GTCAGGACTT 
GTCAGGACTT 
GTCAGGACTT 
GTCAGGACTT 
GTCAGGACTT 
GTCAGGACTT 
GTCAGGACTT 
GTCAGGACTT 
GTCAGGACTT 
GTCAGGACTT 
GTTAGAACTT 
GTTAGAACTT 
TTTATTGAAT 
TTTTATGATG 
gTtag.actt 
GACTCAAGCG 
GACTCAAGCG 
GACTCAAGCG 
GACTCAAGCG 
GACTCAAGCG 
GACTCAAGCG 
GACTCAAGCG 
GACTCAAGCG 
GACTCAAGCG 
GACTCAAGCG 
GACTCAAGCG 
GACTCAAGCG 
GACTCAAGCA 
AACCCAGGCA 
AACCCAGGCA 
AACGCAAAAT 
AACGCAAAAT 
aAC.CAagc. 
CGTCTGTCGT 
CGTCTGTCGT 
CGTCTGTCGT 
CGTCTGTCGT 
CGTCTGTCGT 
CGTCTGTCGT 
CGTCTGTCGT 
CGTCTGTCGT 
CGTCTGTCGT 
CGTCTGTCGT 
CGTCTGTCGT 
CGTCTGTCGT 
CGTCTGTCGT 
CATCCGTTGT 
CATCCGTTGT 
CCTCTGTTGC 
CTTCTGTTGC 
C.TCtGTtGt 
TACTTAATTT 
TACTTAATTT 
TACTTAATTT 
TACTTAATTT 
TACTTAATTT 
TACTTAATTT 
TACTTAATTT 
TACTTAATTT 
TACTTAATTT 
TACTTAATTT 
TACTTAATTT 
TACTTAATTT 
TACTTAATTT 
TACTTAATTT 
TACTTAATTT 
TTTATAATTT 
TGTATAACCT 
TactTAAttT 
GGAAGAGATT 
GGAAGAGATT 
GGAAGAGATT 
GGAAGAGATT 
GGAAGAGATT 
GGAAGAGATT 
GGAAGAGATT 
GGAAGAGATT 
GGAAGAGATT 
GGAAGAGATT 
GGAAGAGATT 
GGAAGAGATT 
GGAAGAGATT 
GGAAGAGATT 
GGAAGAGATT 
GGCAAAGACA 
GGTAAAGACA 
GGaAgAGAtt 
AGATATTAAT 
AGATATTAAT 
AGATATTAAT 
AGATATTAAT 
AGATATTAAT 
AGATATTAAT 
AGATATTAAT 
AGATATTAAT 
AGATATTAAT 
AGATATTAAT 
AGATATTAAT 
AGATATTAAT 
AGATATTAAT 
AGATATTAAT 
AGATATTAAT 
GTCTCCCAAG 
GTCTCTCAAT 
agaTattAAt 
TCTAGTTGCT 
TCTAGTTGCT 
TCTAGTTGCT 
TCTAGTTGCT 
TCTAGTTGCT 
TCTAGTTGCT 
TCTAGTTGCT 
TCTAGTTGCT 
TCTAGTTGCT 
TCTAGTTGCT 
TCTAGTTGCT 
TCTAGTTGCT 
TCTAGTTGCT 
TCTAGTGGCG 
TCTAGTGGCG 
GTTGGTTTCA 
GTTGGTTTCG 
tcTaGTtgC. 
CTTTCCGCGA 
CTTTCCGCGA 
CTTTCCGCGA 
CTTTCCGCGA 
CTTTCCGCGA 
CTTTCCGCGA 
CTTTCCGCGA 
CTTTCCGCGA 
CTTTCCGCGA 
CTTTCCGCGA 
CTTTCCGCGA 
CTTTCCGCGA 
CTTTCCGCGA 
CCTTCCGTGA 
CCTTCCGTGA 
TTTCGCGCGA 
TTTTGCGTGA 
ctTtcCGcGA 
TCTAGGTTCC 
TCTAGGTTCC 
TCTAGGTTCC 
TCTAGATTCC 
TCTAGATTCC 
TCTAGATTCC 
TCTAGATTCC 
TCTAGATTCC 
TCTAGATTCC 
TCTAGGTTCC 
TCTAGGTTCC 
TCTAGATTCC 
TCTAGGTTCC 
TCTAGATTCC 
TCTAGATTCC 
TCACGTTTTC 
TCACGTTTTC 
TCtaG.TTcC 
100 
TCACAAGGTA 
TCACAAGGTA 
TCACAAGGTA 
TCACAAGGTA 
TCACAAGGTA 
TCACAAGGTA 
TCACAAGGTA 
TCACAAGGTA 
TCACAAGGTA 
TCACAAGGTA 
TCACAAGGTA 
TCACAAGGTA 
TCACAAGGTA 
TCGCAAGGTA 
TCGCAAGGTA 
TCTCAGGGAG 
GCCCAAGGAG 
tC.CAaGGta 
150 
GTCCCTGTCT 
GTCCCTGTCT 
GTCCCTGTCT 
GTCCCTGTCT 
GTCCCTGTCT 
GTCCCTGTCT 
GTCCCTGTCT 
GTCCCTGTCT 
GTCCTTGTCT 
GTCCCTGTCT 
GTCCCTGTCT 
GTCCCTGTCT 
GTCCCTGTCT 
GTCTTTGTCT 
GTCTTTGTCT 
GTCTCTCAJiT 
GTCCCTCACT 
GTCccTgtcT 
2 00 
CAGATGCGGG 
CAGATGCGGG 
CAGATGCGGG 
CAGATGCGGG 
CAGATGCGGG 
CAGATGCGGG 
CAGATGCGGG 
CAGATGCGGG 
CAGATGCGGG 
CAGATGCGGG 
CAGATGCGGG 
CAGATGCGGG 
CAGGTGCGGG 
CGAGTGCGGG 
CGAGTGCGGG 
CAGCTGGTGA 
CTGCTAATGA 
Cag.TgcgGg 
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France 
Watermelon 
W 
SH 
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201 
TTTTTACGCT 
TTTTTACGCT 
TTTTTACGCT 
TTTTTACGCT 
TTTTTACGCT 
TTTTTACGCT 
TTTTTACGCT 
TTTTTACGCT 
TTTTTACGCT 
TTTTTACGCT 
TTTTTACGCT 
TTTTTACGCT 
TTTTTACGCT 
TTTTTACGCT 
TTTTTACGCT 
AGCTTTCGTG 
GTTTTTCGTG 
tttTTaCGct 
251 
CTTCTCAGCT 
CTTCTCAGCT 
CTTCTCAGCT 
CTTCTCAGCT 
CTTCTCAGCT 
CTTCTCAGCT 
CTTCTCAGCT 
CTTCTCAGCT 
CTTCTCAGCT 
CTTCTCAGCT 
CTTCTCAGCT 
CTTCTCAGCT 
CTTCTCAGCT 
CTTCTTAGCT 
CTTCTTAGCT 
TTGTTATCCG 
TTGTTATCCG 
cTtcT.agCt 
301 
TAGCAATCCT 
TAGCAATCCT 
TAGCAATCCT 
TAGCAATCCT 
TAGCAATCCT 
TAGCAATCCT 
TAGCAATCCT 
TAGCAATCCT 
TAGCAATCCT 
TAGCAATCCT 
TAGCAATCCT 
TAGCAATCCT 
TAGCAATCCT 
TAGCAATCCG 
TAGCAATCCG 
TTCTAATCCT 
TTCTAATCCT 
TagcAATCCt 
TT.CCTCAAC 
TT.CCTCAAC 
TT.CCTCAAC 
TT.CCTCAAC 
TT.CCTCAAC 
TT.CCTCAAC 
TT.CCTCAAC 
TT.CCTCAAC 
TT.CCTCAAC 
TT.CCTCAAC 
TT.CCTCAAC 
TT.CCTCAAC 
TT.CCTCAAC 
TT.CCTCAAC 
TT.CCTCAAC 
TGGTCTCGTG 
TGGTCTCGTG 
Tt.cCTCaac 
CCACGGATAC 
CCACGGATAC 
CCACGGATAC 
CCACGGATAC 
CCACGGATAC 
CCACGGATAC 
CCACGGATAC 
CCACGGATAC 
CCACGGATAC 
CCACGGATAC 
CCACGGATAC 
CCACGGATAC 
CCACGGATAC 
CTACGGATAC 
CTACGGATAC 
CTTTGGATTC 
CTTTGGATTC 
CtacGGATaC 
ACGACTGCTG 
ACGACTGCTG 
ACGACTGCTG 
ACGACTGCTG 
ACGACTGCTG 
ACGACTGCTG 
ACGACTGCTG 
ACGACTGCTG 
ACGACTGCTG 
ACGACTGCTG 
ACGACTGCTG 
ACGACTGCTG 
ACGACTGCTG 
ACGACTGCTG 
ACGACTGCTG 
TCTACTGGAG 
TCTACCGGAG 
aCgACtGctG 
GGTCCTGTGT 
GGTCCTGTGT 
GGTCCTGTGT 
GGTCCTGTGT 
GGTCCTGTGT 
GGTCCTGTGT 
GGTCCTGTGT 
GGTCCTGTGT 
GGTCCTGTGT 
GGTCCTGTGT 
GGTCCTGTGT 
GGTCCTGTGT 
GGTCCTGTGT 
GGTCCTGTGT 
GGTCCTGTGT 
AGTCGCGCAT 
AGTCGCGCAT 
gGTCctGtgT 
GCGTAATAGG 
GCGTAATAGG 
GCGTAATAGG 
GCGTAATAGG 
GCGTAATAGG 
GCGTAATAGG 
GCGTAATAGG 
GCGTAATAGG 
GCGTAATAGG 
GCGCAATAGG 
GCGTAATAGG 
GCGTAATAGG 
GCGTAATAGG 
GCGTAATAGG 
GCGTAATAGG 
TAGAAATAGG 
TAGAAATAGG 
gcGtAATAGG 
AGTCGCTTAA 
AGTCGCTTAA 
AGTCGCTTAA 
AGTCGCTTAA 
AGTCGCTTAA 
AGTCGCTTAA 
AGTCGCTTAA 
AGTCGCTTAA 
AGTCGCTTAA 
AGTCGCTTAA 
AGTCGCTTAA 
AGTCGCTTAA 
AGTCGCTTAA 
AGTCGCTTAA 
AGTCGCTTAA 
AAGCATTGAA 
AAGCTCTGAA 
AgtCgcTtAA 
TGAGGCCTAT 
TGAGGCCTAT 
TGAGGCCTAT 
TGAGGCCTAT 
TGAGGCCTAT 
TGAGGCCTAT 
TGAGGCCTAT 
TGAGGCCTAT 
TGAGGCCTAT 
TGAGGCCTAT 
TGAGGCCTAT 
TGAGGCCTAT 
TGAGGCCTAT 
TGAGGCCTAT 
TGAGGCCTAT 
TGCAGCT.AT 
TGCTGCC.AT 
TGagGCctAT 
GTCATTGAGG 
GTCATTGAGG 
GTCATTGAGG 
GTCATTGAGG 
GTCATTGAGG 
GTCATTGAGG 
GTCATTGAGG 
GTCATTGAGG 
GTCATTGAGG 
GTCATTGAGG 
GTCATTGAGG 
GTCATTGAGG 
GTCATTGAGG 
GTCATTGAGG 
GTCATTGAGG 
GCTATCGAAG 
GCTATCGAAG 
GtcATtGAgG 
CGCTGTAAAG 
CGCTGTAAAG 
CGCTGTAAAG 
CGCTGTAAAG 
CGCTGTAAAG 
CGCCGTAAAG 
CGCTGTAAAG 
CGCTGTAAAG 
CGCTGTAAAG 
CGCTGTAAAG 
CGCTGTAAAG 
CGCTGTAAAG 
CGCTGTAAAG 
CGCAGTTAAG 
CGCAGTTAJVG 
CGCGACTAAG 
TGCGACCAAG 
cGC.gt.AAG 
250 
CTTCGTTTCG 
CTTCGTTTCG 
CTTCGTTTCG 
CTTCGTTTCG 
CTTCGTTTCG 
CTTCGTTTCG 
CTTCGTTTCG 
CTTCGTTTCG 
CTTCGTTTCG 
CTTCGTTTCG 
CTTCGTTTCG 
CTTCGTTTCG 
CTTCGTTTCG 
CTTCGTTTCG 
CTTCGTTTCG 
TCTCGATTCT 
AATCGATTCG 
CtTCGtTTCg 
300 
TTGTAGATCC 
TTGTAGATCC 
TTGTAGATCC 
TTGTAGATCC 
TTGTAGATCC 
TTGTAGATCC 
TTGTAGATCC 
TTGTAGATCC 
TTGTAGATCC 
TTGTAGATCC 
TTGTAGATCC 
TTGTAGATCC 
TTGTAGATCC 
TTGTAGATCC 
TTGTAGATCC 
TTGAAAACCC 
TTGAAAACCC 
TTGtAgAtCC 
350 
CGTACTGATG 
CGTACTGATG 
CGTACTGATG 
CGTACTGATG 
CGTACTGATG 
CGTACTGATG 
CGTACTGATG 
CGTACTGATG 
CGTACTGATG 
CGTACTGATG 
CGTACTGATG 
CGTACTGATG 
CGTACTGATG 
CGTACTGACG 
CGTACTGACG 
CGCAATGACG 
CGCAATGACG 
CGtAcTGAcG 
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351 
ACGCATCTAC 
ACGCATCTAC 
ACGCATCTAC 
ACGCGTCTAC 
ACGCGTCTAC 
ACGCGTCTAC 
ACGCGTCTAC 
ACGCGTCTAC 
ACGCGTCTAC 
ACGCGTCTAC 
ACGCGTCTAC 
ACGCGTCTAC 
ACGCGTCTAC 
ATGCGTCTAC 
ATGCGTCTAC 
ACGCGTCTAC 
ACGCGTCTAC 
AcGCgTCTAC 
401 
TCTAAGGGTT 
TCTAAGGGTT 
TCTAAGGGTT 
TCTAAGGGTT 
TCTAAGGGTT 
TCTAAGGGTT 
TCTAAGGGTT 
TCTAAGGGTT 
TCTAAGGGTT 
TCTAAGGGTT 
TCTAAGGGTT 
TCTAAGGGTT 
TCTAAGGGTT 
TCTAAGGGGT 
TCTAAGGGGT 
AATGACGGTG 
AATGACGGTG 
tcTaAgGGtt 
451 
GGTAGTC..T 
GGTAGTC..T 
GGTAGTC..T 
GGTAGTC..T 
GGTAGTC..T 
GGTAGTC..T 
GGTAGTC. .T 
GGTAGTC..T 
GGTAGTC..T 
GGTAGTC..T 
GGTAGTC..T 
GGTAGTC..T 
GGTAGTC..T 
GGTAGTC..T 
GGTAGTC..T 
GGTCTTACAT 
GGTCTTACTT 
GGTagTc. .T 
GGCCGCTAGG 
GGCCGCTAGG 
GGCCGCTAGG 
AGCCGCTAGG 
AGCCGCTAGG 
GGCCGCTAGG 
GGCCGCTAGG 
AGCCGCTAGG 
AGCCGCTAGG 
AGCCGCTAGG 
AGCCGCTAGG 
GGCCGCTAGG 
AGCCGCTAGG 
AGCCGCTAGG 
AGCCGCTAGG 
AGCCGCACAC 
AGCCGCGCAC 
aGCCGCtagg 
TTGATGTTTA 
TTGATGTTTA 
TTGATGTTTA 
TTGATGTTTA 
TTGATGTTTA 
TTGATGTTTA 
TTGATGTTTA 
TTGATGTTTA 
TTGATGTTTA 
TTGATGTTTA 
TTGATGTTTA 
TTGATGTTTA 
TTGATGTTTA 
TTGATGTTTA 
TTGATGTTTA 
TGGGCGTTTT 
TGGGCGTTTT 
TtGatGTTTa 
GGTCAGAGGC 
GGTCAGAGGC 
GGTCAGAGGC 
GGTCAGAGGC 
GGTCAGAGGC 
GGTCAGAGGC 
GGTCAGAGGC 
GGTCAGAGGC 
GGTCAGAGGC 
GGTCAGAGGC 
GGTCAGAGGC 
GGTCAGAGGC 
GGTCAGAGGC 
GGTCAGAGGC 
GGTCAGAGGC 
GGACCGCAAG 
GGACCGCAAG 
GGtCaGaggc 
GCTGAAATAG 
GCTGAAATAG 
GCTGAAATAG 
GCCGAGATAG 
GCCGAGATAG 
GCTGAGATAG 
GCTGAGATAG 
GCTGAGATAG 
GCTGAGATAG 
GCTGAAATAG 
GCTGAAATAG 
GTTGAGATAG 
GCTGAAATAG 
GCTGAGATAG 
GCTGAGATAG 
AACGACATTC 
AACGACATTC 
gccGA.ATag 
TGATAGGGCT 
TGATAGGGCT 
TGATAGGGCT 
CGATAGGGCT 
CGATAGGGCT 
CGATAGGGCT 
CGATAGGGCT 
CGATAGGGCT 
CGATAGGGCT 
CGATAGGGCT 
CGATAGGGCT 
CGATAGGGCT 
CGATAGGGCT 
TGATAGGGCT 
TGATAGGGCT 
TGATACAGCG 
TGATAGTGCG 
tGATAggGCt 
TACCACCTCG 
TACCACCTCG 
TACCACCTCG 
TACCACCTCG 
TACCACCTCG 
TACCACCTCG 
TACCACCTCG 
TACCACCTCG 
TACCACCTCG 
TACCACCTCG 
TACCACCTCG 
TACCACCTCG 
TACCACCTCG 
TACCACCTCG 
TACCACCTCG 
CTCGTCTTCC 
CGCTACTTCC 
taCcaCcTCg 
ATAATTTAAT 
ATAATTTAAT 
ATAATTTAA.T 
ATAATTTAAT 
ATAATTTAAT 
ATAATTTAAT 
ATAATTTAAT 
ATAATTTA/VT 
ATAATTTAAT 
ATAATTTAAT 
ATAATTTAAT 
ATAATTTAAT 
ATAATTTAAT 
ATAATTTAAT 
ATAATTTAAT 
CTCTGCTATT 
CTCTGCTTTT 
aTaattTaaT 
TCATTTGAAG 
TCATTTGAAG 
TCATTTGAAG 
TCATTTGAAG 
TCATTTGAAG 
TCATTTGAAG 
TCATTTGAAG 
TCATTTGAAG 
TCATTTGAAG 
TCATTTGAAG 
TCATTTGAAG 
TCATTTGAAG 
TCATTTGAAG 
TCTTTTG.AAG 
TCTTTTGAAG 
TCTTTTGAGT 
TCTTTTGAGT 
TCtTTTGAag 
489 
AAAGCTTAG 
AAAGCTTAG 
AAAGCTTAG 
AAAGCTTAG 
AAAGCTTAG 
AAAGCTTAG 
AAAGCTTAG 
AAAGCTTAG 
AAAGCTTAG 
AAAGCTTAG 
AAAGCTTAG 
AAAGCTTAG 
AAAGCTTAG 
AAAGCTTAG 
AAAGCTTAG 
TCAAATTGA 
TCAAAGTGA 
aaAgctTag 
400 
AGAGTCTATT 
AGAGTCTATT 
AGAGTCTATT 
AGAGTCTATT 
AGAGTCTATT 
AGAGTCTAl'T 
AGAGTCTATT 
AGAGTCTATl' 
AGAGTCTATT 
AGAGTCTATT 
AGAGTCTATT 
AGAGTCTATT 
AGAGTCTATT 
AGAATCAATC 
AGAATCAATC 
AGCAGCTTTG 
AGCAGCTCTG 
AGaatCtaT. 
450 
CCGCGTTTTC 
CCGCGTTTTC 
CCGCGTTTTC 
CCGCGTTTTC 
CCGCGTTTTC 
CCGCGTTTTC 
CCGCGTTTTC 
CCGCGTTTTC 
CCGCGTTTTC 
CCGCGTTTTC 
CCGCGTTTTC 
CCGCGTTTTC 
CCGCGTTTTC 
CCGCGTTTTC 
CCGCGTTTTC 
CTGC..TTTC 
CAGC..CTTC 
CcGCgttTTC 
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The result after blasting our sequence of CP aminoacid with the available 
sequences of aminoacid are: 
France 
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SHJapan 
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KW 
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GR5 
GR3 
Y 
GR7 
Yodo 
C 
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1 
METAYNPITP 
METAYNPITP 
METAYNPITP 
METAYNPITP 
METAYNPITP 
METAYNPITP 
METAYNPITP 
METAYNPITP 
METAYNPITP 
METAYNPITP 
METAYNPITP 
METAYNPITP 
METAYNPITP 
METTYNPITP 
METAYNPITP 
METSYSISSF 
METSYSTSGI 
METsYs.s.. 
SKLIAFSASY 
SKLIAFSASY 
SKLIAFSASY 
SKLIAFSASY 
SKLIAFSASY 
SKLIAFSASY 
SKLIAFSASY 
SKLIAFSASY 
SKLIAFSASY 
SKLIAFSASY 
SKLIAFSASY 
SKLIAFSASY 
SKLIAFSASY 
SKLIAFSASY 
SKLIVFSASY 
RSLPAYTKSF 
RSLPAFAKSF 
rsLpA*.kS% 
VPVRTLLNFL 
VPVRTLLNFL 
VPVRTLLNFL 
VPVRTLLNFL 
VPVRTLLNFL 
VPVRTLLNFL 
VPVRTLLNFL 
VPVRTLLNFL 
VPVRTLLNFL 
VPVRTLLNFL 
VPVRTLLNFL 
VPVRTLLNFL 
VPVRTLLNFL 
VPVRTLLNFL 
VPVRTLLNFL 
YPFIEFYNLL 
YPFYDVYNLL 
yPf...yNlL 
VASQGTAFQT 
VASQGTAFQT 
VASQGTAFQT 
VASQGTAFQT 
VASQGTAFQT 
VASQGTAFQT 
VASQGTAFQT 
VASQGTAFQT 
VASQGTAFQT 
VASQGTAFQT 
VASQGTAFQT 
VASQGTAFQT 
VASQGTAFQT 
VASQGTAFQT 
VASQGTAFQT 
VSSQGGALQT 
VSAQGGALQT 
VssQGgAlQT 
50 
QAGRDSFRES 
QAGRDSFRES 
QAGRDSFRES 
QAGRDSFRES 
QAGRDSFRES 
QAGRDSFRES 
QAGRDSFRES 
QAGRDSFRES 
QAGRDSFRES 
QAGRDSFRES 
QAGRDSFRES 
QAGRDSFRES 
QAGRDSFRES 
QAGRDSFRES 
QAGRDSFRES 
QNGKDISRES 
QNGKDILRES 
QnGkDi.RES 
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51 
LSALPSSVVD 
LSALPSSVVD 
LSALPSSVVD 
LSALPSSVVD 
LSALPSSVVD 
LSALPSSVVD 
LSALPSSVVD 
LSALPSSVVD 
LSALPSSVVD 
LSALPSSVVD 
LSALPSSVVD 
LSALPSSVVD 
LSALPSSVVD 
LSALPSSVVD 
LSALPSSVVD 
LNGLLTSVAS 
LTGLLTSVAS 
L.gLltSVas 
101 
DPSNPTTAES 
DPSNPTTAES 
DPSNPTTAES 
DPSNPTTAES 
DPSNPTTAES 
DPSNPTTAES 
DPSNPTTAES 
DPSNPTTAES 
DPSNPTTAES 
DPSNPTTAES 
DPSNPTTAES 
DPSNPTTAES 
DPSNPTTAES 
DPSNPTTAES 
DPSNPTTAES 
NPSNPSTGEA 
NPSNPSTGEA 
tfPSNPsTgEa 
INSRFPDAGF 
INSRFPDAGF 
INSRFPDAGF 
INSRFPDAGF 
INSRFPDAGF 
INSRFPDAGF 
INSRFPDAGF 
INSRFPDAGF 
INSRFPDAGF 
INSRFPDAGF 
INSRFPDAGF 
INSRFPSAGF 
INSRFPSAGF 
INSRFPDAGF 
INSRFPGAGF 
PKSRFPAGEA 
LNSRFPANEF 
.nSRFPa.ef 
LNAVKRTDDA 
LNAVKRTDDA 
LNAVKRTDDA 
LNAVKRTDDA 
LNAVKRTDDA 
LNAVKRTDDA 
LNAVKRTDDA 
LNAVKRTDDA 
LNAVKRTDDA 
LNAVKRTDDA 
LNAVKRTDDA 
LNAVKRTDDA 
LNAVKRTDDA 
LNAVKRTDDA 
LNAVKRTDDA 
LNATKRNDDA 
LNATKRNDDA 
LNAtKRnDDA 
YAFLNGPVLR 
YAFLNGPVLR 
YAFLNGPVLR 
YAFLNGPVLR 
YAFLNGPVLR 
YAFLNGPVLR 
YAFLNGPVLR 
YAFLNGPVLR 
YAFLNGPVLR 
YAFLNGPVLR 
YAFLNGPVLR 
YAFLNGPVLR 
YAFLNGPVLR 
YAFLNGPVLR 
YAFLNGPVLR 
FVWSRESRIA 
FVWSRESRIA 
%vwsresria 
STAARAEIDN 
STAARAEIDN 
STAARAEIDN 
STAARAEIDN 
STAARAEIDN 
STAARAEIDN 
STAARAEIDN 
STAARAEIDN 
STAARAEIDN 
STAARAEIDN 
STAARAEIDN 
STAARAEIDN 
STAARAEIDN 
STAARVEIDN 
STAARAEIDN 
STAAHNDIPL 
ST7U\HNDIPL 
STAAhn#lpl 
PIFVSLLSST 
PIFVSLLSST 
PIFVSLLSST 
PIFVSLLSST 
PIFVSLLSST 
PIFVSLLSST 
PIFVSLLSST 
PIFVSLLSST 
PIFVSLLSST 
PIFVSLLSST 
PIFVSLLSST 
PIFVSLLSST 
PIFVSLLSST 
PIFVSLLSST 
PIFVSLLSST 
AILDSLLSAL 
AIIDSLLSAL 
al.dSLLSal 
LIESISKGFD 
LIESISKGFD 
LIESISKGFD 
LIESISKGFD 
LIESISKGFD 
LIESISKGFD 
LIESISKGFD 
LIESISKGFD 
LIESISKGFD 
LIESISKGFD 
LIESISKGFD 
LIESISKGFD 
LIESISKGFD 
LIESISKGFD 
LIESISKGFD 
LLAALNDGVG 
LLAALNDGVG 
LlaalndGvg 
100 
DTRNRVIEVV 
DTRNRVIEVV 
DTRNRVIEVV 
DTRNRVIEVV 
DTRNRVIEVV 
DTRNRVIEVV 
DTRNRVIEVV 
DTRNRVIEVV 
DTRNRVIEVV 
DTRNRVIEVV 
DTRNRVJEVV 
DTRNRVIEVV 
DTRNRVIEVV 
DTRNRVIEVV 
DTRNRVIEVV 
DSRNRAIEVE 
DSRNRA.IEVE 
DsRNRalEVe 
150 
VYDRASFEAA. 
VYDRASFEAA 
VYDRASFEAA 
VYDRASFEAA 
VYDRASFEAA 
VYDRASFEAA 
VYDRASFEAA 
VYDRASFEA.A 
VYDRASFEAA 
VYDRASFEAA 
VYDRASFEAA 
VYDRASFEAA 
VYDRASFEA-A 
VYDRASFEAA 
VYDRASFEAA 
VFDTASFESA 
VFDSASFESA 
V^D.ASFEsA 
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151 
FSVVWSEATT 
FSVVWSEATT 
FSVVWSEATT 
FSVVWSEATT 
FSVVWSEATT 
FSVVWSEATT 
FSVVWSEATT 
FSVVWSEATT 
FSVVWSEATT 
FSVVWSEATT 
FSVVWSEATT 
FSVVWSEATT 
FSVVWSEATT 
FSVVWSEATT 
FSVVWSEATT 
FGLTWTASSS 
FGLTWTASAT 
FgltWtas.t 
166 
SKASTP 
SKASTP 
SKASTP 
SKASTP 
SKASTP 
SKASTP 
SKASTP 
SKASTP 
SKASTP 
SKASTP 
SKASTP 
SKASTP 
SKASTP 
SKASTP 
SKASTP 
SSNSTP 
SSKSTP 
Ss.STP 
Cucumber green mottle mosaic virus mp gene for Movement Protein (MP) 
gene by SP6 Primer (Present isolate): 
ATGTCTCTAAGTAAGGTGTCAGTCGAGAACTCGTTGAAACCTGAG 
AAGTTTGTCAAAATCTCTTGGGTCGACAAGTTGCTCCCTAACTAT 
TTTTCCATTCTAAAGTATTTATCTATAACTGACTTCAGTGTGGTTA 
AAGCTCAGAGCTATGAATCCCTCGTGCCTGTCAAGTTGTTGCGTG 
GTGTTGATCTTACAAAACACCTTTATGTCACATTGTTGGGCGTTG 
TGGTTTCTGGTGTATGGAACGTACCGGAATCCTGTAGGGGTGGT 
GCTACTGTTGCTCTGGTTGACACAAGGATGCATTCTGTTGCAGAG 
GGAACTATATGCAAATTTTCAGCTCCCGCCACCGTCCGCGAATTC 
TCTGTTAGGTTCATACCTAATTATTCTGTCGTGGCTGCGGATGCC 
CTTCGCGATCCTTGGTCTTTATTTGTGAGACTCTCTAATGTGGGT 
ATTAAAGATGGTTTCCATCCTTTGACCTTAGAGGTCGCTTGTTTA 
GTCGCTACAACTAACTCTATTATAAAAAAAGGTCTTAGAGCTTCT 
GTAGTCGAGTCTGTCGTCTCTTCCGATCAGTCTATTGTCCTAGAT 
TCTTTATCCNAGAAAGTTGAACCTTTCTTTGACAAAGTTCCTA TTT 
CAGCGGCTGTAATGGCAAGAGATCCCAGTTATAGGTCTAGGTCG 
CAGTCTGTCGGTGGTCGTGGTAAGCGGCATTCTAAACCTCCAAAT 
CGGAGGTTGGACTCTGCTTCTGAAGAGTCCAGTTCTGTTTCTTT T 
GAAGATGGCTTACAATCCGATCACACCTAG 
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Protein sequence: 
M e t S L S K V S V E N S L K P E K F V K I S W V D K L L P N Y F S I L 
K Y L S I T D F S V V K A Q S Y E S L V P V K L L R G V D L T K H L Y 
V T L L G V V V S G V W N V P E S C R G G A T V A L V D T R M e t H S 
V A E G T I C K F S A P A T V R E F S V R F I P N Y S V V A A D A L R 
D P W S L F V R L S N V G I K D G F H P L T L E V A C L V A T T N S I 
I K K G L R A S V V E S V V S S D Q S I V L D S L S X K V E P F F D K 
V P I S A A V M e t A R D P S Y R S R S Q S V G G R G K R H S K P P N R 
R L D S A S E E S S S V S F E D G L Q S D H T 
The sequences of MP nucleotide gene for movement protein (MP) witti which 
we have gone for blast are as following: 
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SH 
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WGR 
SH 
SHJapan 
KW 
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C 
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1 
ATGTCTCTAA 
ATGTCTCTAA 
ATGTCTCTAA 
ATGTCTCTAA 
ATGTCTCTAA 
ATGTCTCTAA 
ATGTCTCTAA 
ATGTCTCTAA 
ATGTCTCTAA 
ATGTCTCTAA 
ATGTCTCTAA 
ATGTCTCTAA 
ATGTCTCTAA 
51 
TGTCCAAATC 
TGTCAAAATC 
TGTCAAAATC 
TGTCAAAATC 
TGTCAAAATC 
TGTCAAAATC 
TGTCAAAATC 
TGTCAAAATC 
TGTCAAAATC 
TGTTAAAATT 
TGTTAAACTC 
TGTTAAACTC 
TGTtAAAaTc 
101 
TTAAGTATTT 
TTAAGTATTT 
TTAAGTATTT 
TTAAGTATTT 
TT7U\GTATTT 
TTAAGTATTT 
TTAAGTATTT 
TAAAGTATTT 
TTAAGTATTT 
TTAAGTACTT 
ATCGTTATCT 
ATCGTTATCT 
tTaagTAttT 
GTAAGGTGTC 
GTAAGGTGTC 
GTAAGGTGTC 
GTAAGGTGTC 
GTAAGGTGTC 
GTAAGGTGTC 
GTAAGGTGTC 
GTAAGGTGTC 
GTAAGGTATC 
GTAAGGTGTC 
GTAGTGTAGG 
GTAGTGTAGG 
GTAagGTatc 
TCTTGGGTCG 
TCTTGGGTCG 
TCTTGGGTCG 
TCTTGGGTCG 
TCTTGGGTCG 
TCTTGGGTCG 
TCTTGGGTCG 
TCTTGGGTCG 
TCTTGGGTCG 
TCCTGGGTTG 
TCATGGGTGG 
TCATGGGTGG 
TC.TGGGT.G 
ATCTATAACT 
ATCTATAACT 
ATCTATAACT 
ATCTATAACT 
ATCTATAACT 
ATCTATAACT 
ATCTATAACT 
ATCTATAACT 
ATCTATAACT 
ATCTATAACT 
GTCTGTTACT 
GTCTGTTACT 
aTCTaTaACT 
AGTCGAGAAC 
AGTCGAGAAC 
AGTCGAGAAC 
AGTCGAGAAC 
AGTCGAGAAC 
AGTCGAGAAC 
AGTCGAGAAC 
AGTCGAGAAC 
GGTCGAGAAC 
AGTCGAGAAC 
TGTCAAGAAT 
TGTCAAGAAT 
.GTCgAGAAc 
ATAAGTTGCT 
ATAAGTTGCT 
ATAAGTTGCT 
ATAAGTTGCT 
ATAAGTTGCT 
ATAAGTTGCT 
ATAAGTTGCT 
ACAAGTTGCT 
ATAAGTTGCT 
ACAAGTTGCT 
ATAGGATCCT 
ATAGGATCCT 
AtAaGtTgCT 
GACTTCAGTG 
GACTTCAGTG 
GACTTTAGTG 
GACTTTAGTG 
GACTTTAGTG 
GACTTTAGTG 
GACTTTAGTG 
GACTTCAGTG 
GACTTTAGTG 
GACTTTAGTG 
GACTATAGTG 
GACTATAGTG 
GACTttAGTG 
TCGTTGAAAC 
TCGTTGAAAC 
TCGTTGAAAC 
TCGTTGAAAC 
TCGTTGAAAC 
TCGTTGAAAC 
TCGTTGAAAC 
TCGTTGAAAC 
TCGTTGAAAC 
TCGTTGAAAC 
GTCTTAAAGC 
GTCTTAAAGC 
tcgTTgAAaC 
CCCTAACTAT 
CCCTAACTAT 
CCCTAACTAT 
CCCTAACTAT 
CCCTAACTAT 
CCCTAACTAT 
CCCTAACTAT 
CCCTAACTAT 
CCCTAACTAT 
TCCTAACTAC 
TCCTGACATG 
TCCTGACATG 
tCCTaACta. 
TAGTTAAAGC 
TAGTTAAAGC 
TAGTT7\AAGC 
TAGTTAAAGC 
TAGTTAAA.GC 
TAGTTAAP.GC 
TAGTCAAA^GC 
TGGTTAAA.GC 
TAGTTAAP.GC 
TAGTTAAAGC 
TGATTAAATC 
TGATTAAATC 
TagTTAAAgC 
50 
CTGAGAAGTT 
CTGAGAAGTT 
CTGAGAAGTT 
CTGAGAAGTT 
CTGAGAAGTT 
CTGAGAAGTT 
CTGAGAAGTT 
CTGAGAAGTT 
CTGAGAAGTT 
CTGAG7y\ATT 
CCAATGAGTT 
CCAATGAGTT 
CtgAgaAgTT 
100 
TTCTCCATTC 
TTCTCCATTC 
TTTTCCATTC 
TTTTCCATTC 
TTTTCCATTC 
TTTTCCATTC 
TTTTCCATTC 
TTTTCCATTC 
TTTTCTATTC 
TTTTCTATTC 
TTTACAGTTT 
TTTACAGTTT 
TTTtC.aTTc 
150 
TCAGAGCTAT 
TCAGAGCTAT 
TCAGAGCTAT 
TCAGAGCTAT 
TCAGAGCTAT 
TCAGAGCTAT 
TCAGAGCTAT 
TCAGAGCTAT 
TCAGAGCTAT 
TCAGAGTTAT 
CAAGGATTCT 
CAAGGATTCT 
tcAGagtTaT 
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• WGR 
SH 
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KW 
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C 
Consensus 
GGR 
WGR 
SH 
SHJapan 
KW 
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iSl 
GAATCCCTCG TGCCTGTCAA GTTGTTGCGT 
GAATCCCTCG TGCCTGTCAA GTTGTTGCGT 
G;'J\TCCCTCG TGCCTGTCAA GTTGTTGCGT 
GAATCCCTCG TGCCTGTCAA GTTGTTGCGT 
GAATCCCTCG TGCCTGTCAA GTTGTTGCGT 
GAATCCCTCG TGCCTGTCAA GTTGTTGCGT 
GAATCCCTCG TGCCTGTCAA GTTGTTGCGT 
GAATCCCTCG TGCCTGTCAA GTTGTTGCGT 
GAATCCCTCG TGCCTGTCAA GTTGTTGCGT 
GAATCCCTCG TGCCTGTCAA GTTGTTGCGT 
GAGTGTTTAA TTCCTGTAGA TTTGTTGCGT 
GAGTGTTTAA TTCCTGTAGA TTTGrrGCGr 
GAaTcccTcg TgCCTGTcaA gTTGTTGCGT 
201 
CCTTTATGTC ACATTGTTGG GCGTTGTGGT 
CCTTTATGTC ACATTGTTGG GCGTTGTGGT 
CCTTTATGTC ACATTGTTGG GCGTTGTGGT 
CCTTTATGTC ACATTGTTGG GCGTTGTGGT 
CCTTTATGTC ACATTGTTGG GCGTTGTGGT 
CCTTTATGTC ACATTGTTGG GCGTTGTGGT 
CCTTTATGTC ACATTGTTGG GCGTTGTGGT 
CCTTTATGTC ACATTGTTGG GCCTTGlL-QT 
CCTTTATGTC ACATTGTTGG GCGTTGTGGT 
CCTTTATGTC ACACTGTTGG GCGTTGTGGT 
TAAGTATGTA ACTTTGGTGG GTGTGGTCAT 
TAAGTATGTA ACTTTGGTGG GTGTGGTCAT 
ccttTATGTc ACatTGtTGG GcGTtGTggT 
251 
CGGAATCCTG TAGGGGTGGT GCTACTGTTG 
CGGAATCCTG TAGGGGTGGT GCTACTGTTG 
CGGAATCCTG TAGGGGTGGT GCTACTGTTG 
CGGAATCCTG TAGGGGTGGT GCTACTGTTG 
CGGAATCCTG TAGGGGTGGT GCTACTGT'J'G 
CGGAATCCTG TAGGGGTGGT GCTACTGTTG 
CGGAATCCTG TAGGGGTGGT GCTACT"?"T 
CGGAATCCTG TAGGGGTGGT GCTACTGTTG 
CGGAATCCTG TAGGGGTGGT GCTACTGTTG 
CGGAATCCTG TAGGGGTGGT GCTACTGTTG 
CTGAGAACTG CGCTGGCGGA GCTACCGT'JG 
CTGAGAACTG CGCTGGCGGA GCTACCGTCG 
CgGAatcCTG taggGGtGGt GCTACtC-TtG 
301 
CATTCTGTTG CAGAGGGAAC TATATGCAAA 
CATTCTGTTG CAGAGGGAAC TATATGCAAA 
CATTCTGTTG CAGAGGGAAC TATATGCAAA 
CATTCTGTTG CAGAGGGAAC TATATGCAAA 
CATTCTGTTG CAGAGGGAAC TATATGCAAA 
CATTCTGTTG CAGAGGGAAC TATATGCAAA 
CATTCTGTTG CAGAGGGAAC TATATGCA.AA 
CATTCTGTTG CAGAGGGAAC TATATGCAAA 
CATTCTGTTG CAGAGGGAAC TATATGCAAA 
CATTCTGTTG CAGAAGGAAC TATATGCAAA 
TCGATGGTTG ACGAGGGGAC TATCTGTAAG 
TCGATGGTTG ACGAGGGGAC TATCTGTAAG 
cattctGTTG caGAgGGaAC TATaTGcAAa 
GGTGTTGATC 
GGTGTTGATC 
GGTGTTGATC 
GGTGTTGATC 
GGTGTTGATC 
GGTGTTGATC 
GGTGTTGATC 
GGTGTTGATC 
GGTGTTGATC 
GGTGTTGATC 
GGAGTCGACT 
CGhGTCGACT 
GGtGTtGAtc 
TTCTGGTGTA 
TTCTGGTGTA 
TTCTGGTGTA 
TTCTGGTGTA 
TTCTGGTGTA 
TTCTGGTGTA 
TTCTGGTGTA 
TTCTGGTGTA 
TTCTGGTGTA 
TTCTGGTGTA 
CTCGGGAGTC 
CTCGGGAGTC 
tTCtGGtGTa 
CTCTGGTTGA 
CTCTGGTTGA 
CTCTGGTTGA 
CTCTGGTTGA 
CTCTGGTTGA 
r"p^-*T'^r^TT(^ 2i 
C'lCTGGTTGA 
CTCTGGTTGA 
CTCTGGTTGA 
CTTTGGTTGA 
CGCI'GGI'CGA 
CGCTGGTCGA 
CtcTGGTtG?-
TTTTCAGCTC 
TTTTCAGCTC 
TTTTCAGCTC 
TTTTCAGCTC 
TTTTCAGCTC 
TTTTCAGCTC 
TTTTCAGCTC 
TTTTCAGCTC 
TTTTCAGCTC 
TTTTCAGCTC 
TTCTCTGTCG 
TTCTCTGTCG 
TTtTCaGctc 
200 
TTACAAAACA 
TTACAAAACA 
TTACAAAACA 
TTACAAAACA 
TTACAAAACA 
TTACAAAACA 
TTACAAAACA 
TTACAAAACA 
TTACAAAACA 
TTACAAAACA 
TGTCCAAGTC 
TGTCCPAGTC 
TtaCaAAaca 
250 
TGGAACGTAC 
TGGAJ.CGTAC 
TGGAACGTAC 
TGGAACGTAC 
TGGAACGTAC 
TGGAACGTAC 
TGGAACGTAC 
TGGAACGTAC 
TGGAACGTAC 
TGGAACGTAC 
TGGACGATTC 
TGGACGATTC 
TGGAar.gTaC 
300 
CACAAGGATG 
CACAAGGATG 
CACAA.GGATG 
CACAAGGATG 
CACAAGGATG 
CACAAGGATG' 
CAC.V.GGA'i'G 
CACA.AGGATG 
CACAAGGATG 
CACAAGGATG 
CACCAGG/\TG 
CACCAGGATG 
CACaAGGATG 
_• -/1^. 
CCGCCACCGT 
CCGCCACCGT 
CCGCCACCGT 
zcccrhzr::'" 
CCGCCACCCT 
.,V^oC'-/l ^' . 
CCGCCn :C'jT 
CCGCC/i'X :: 
CCGCCA''C.Vr 
CCGCCACCGT 
CTGCTTCGAC 
CTGCTTCGAC 
CcGCcaCcgt 
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GGR 
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SH 
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351 
CCGCGAATTC 
CCGCGAATTC 
CCGCGAATTC 
CCGCGAATTC 
CCGCGAATTC 
CCGCGAATTC 
CCGCGAATTC 
CCGCGAATTC 
CCGCGAATTC 
CCGCGAGTTC 
GCGTGACTTT 
GCGTGACTTT 
cCGcGA.TTc 
401 
ATGCC.CTTC 
ATGCC.CTTC 
ATGCC.CTTC 
ATGCC.CTTC 
ATGCC.CTTC 
ATGCC.CTTC 
ATGCC.CTTC 
ATGCC.CTTC 
ATGCC.CTTC 
ATGCC.CTTC 
ATGCATCCTC 
ATGCATCCTC 
ATGCc.CtTC 
451 
TATTAAAGAT 
TATTAAAGAT 
TATTAAAGAT 
TATTAAAGAT 
TATTAAAGAT 
TATTAAAGAT 
TATTAAAGAT 
TATTAAAGAT 
TATTAAAGAT 
TATTAAGGAT 
TATAAAGGAA 
TATAAAGGAA 
TATtAAgGAt 
501 
CTACAACTAA 
CTACAACTAA 
CTACAACTAA 
CTACAACTAA 
CTACAACTAA 
CTACAACTAA 
CTACAACTAA 
CTACAACTAA 
CTACAACTAA 
CCACTACTAA 
CTACTACTAA 
CTACTACTAA 
CtACtACTAA 
TCTGTTAGGT 
TCTGTTAGGT 
TCTGTTAGGT 
TCTGTTAGGT 
TCTGTTAGGT 
TCTGTTAGGT 
TCTGTTAGGT 
TCTGTTAGGT 
TCTGTTAGGT 
TCTGTTAGGT 
ATGGTTAAGT 
ATGGTTAAGT 
tctGTTAqGT 
GCGATCCTTG 
GCGATCCTTG 
GCGATCCTTG 
GCGATCCTTG 
GCGATCCTTG 
GCGATCCTTG 
GCGATCCTTG 
GCGATCCTTG 
GCGATCCTTG 
GCGATCCTTG 
GA.AGCCCTG 
GA.AGCCCTG 
GcgAtCCtTG 
GGTTTCCATC 
GGTTTCCATC 
GGTTTCCATC 
GGTTTCCATC 
GGTTTCCATC 
GGTTTCCATC 
GGTTTCCATC 
GGTTTCCATC 
GGTTTCCATC 
GGTTTTCATC 
GGTTTCTCAC 
GGTTTCTCAC 
GGTTTccatC 
CTCTATTATC 
CTCTATTATC 
CTCTATTATC 
CTCTATTATC 
CTCTATTATC 
CTCTATTATC 
CTCTATTATC 
CTCTATTATA 
CTCTATTATC 
CTCTATTATT 
TTCTATACTT 
TTCTATACTT 
cTCTATtaTt 
TCATACCTAA 
TCATACCTAA 
TCATACCTAA 
TCATACCTAA 
TCATACCTAA 
TCATACCTAA 
TCATACCTAA 
TCATACCTAA 
TCATACCTAA 
TCATCCCTAA 
TCATACCTAA 
TCATACCTAA 
TcRTaCCTRA 
GTCTTTATTT 
GTCTTTATTT 
GTCTTTATTT 
GTCTTTATTT 
GTCTTTATTT 
GTCTTTATTT 
GTCTTTATTT 
GTCTTTATTT 
GTCTTTATTT 
GTCTTTATTT 
GTCTATTTTT 
GTCTATTTTT 
GTCTtTaTTT 
CTTTGACTTT 
CTTTGACTTT 
CTTTGACTTT 
CTTTGACTTT 
CTTTGACTTT 
CTTTGACTTT 
CTTTGACTTT 
CTTTGACCTT 
CTTTGACCTT 
CATTAACTTT 
CGCTTACGCT 
CGCTTACGCT 
C.tT.AC.tT 
AAAAAGGGTC 
AAAAAGGGTC 
AAAAAGGGTC 
AAAAAGGGTC 
AAAAAGGGTC 
AAAAAGGGTC 
AAAAAGGGTC 
AAAAAAGGTC 
AAAAAGGGTC 
AAAAAGGGGC 
AAGAAAGGTC 
AAGA7\AGGTC 
AAaAAgGGtC 
TTATTCTGTC 
TTATTCTGTC 
TTATCCTGTC 
TTATCCTGTC 
TTATTCTGTC 
TTATTCTGTC 
TTATTCTGTC 
TTATTCTGTC 
TTATTCTGTC 
CTATTCTGTC 
CTATTACGTC 
CTATTACGTC 
cTATTctGTC 
GTGAGACTCT 
GTGAGACTCT 
GTGAGACTCT 
GTGAGACTCT 
GTGAGACTCT 
GTGAGACTCT 
GTGAGACTCT 
GTGAGACTCT 
GTGAGACTCT 
GTGAGGCTCT 
GTTAGAGTTT 
GTTAGAGTTT 
GTgAGacTcT 
AGAGGTCGCT 
AGAGGTCGCT 
AGAGGTCGCT 
AGAGGTCGCT 
AGAGGTCGCT 
AGAGGTCGCT 
AGAGGTCGCT 
AGAGGTCGCT 
AGAGGTCGCT 
AGAGGTCGCC 
CGAGATAGCT 
CGAGATAGCT 
aGAGgTcGCt 
TTAGAGCCTC 
TTAGAGCTTC 
TTAGAGCTTC 
TTAGAGCTTC 
TTAGAGCTTC 
TTAGAGCTTC 
TTAGAGCTTC 
TTAGAGCTTC 
TTAGAGCTTC 
TTAGAGCTTC 
TTCGTGTTAG 
TTCGTGTTAG 
TTaGaGcTtc 
400 
GTGGCTGCGG 
GTGGCTGCGG 
GTGGCTGCGG 
GTGGCTGCGG 
GTGGCTGCGG 
GTGGCTGCGG 
GTGGCTGCGG 
GTGGCTGCGG 
GTGGCTGCGG 
GTGGTTGCGG 
CTGGCGTCGG 
GCTGCGTCGG 
gtgGctgCGG 
450 
GTAATGTGGG 
CTAATGTGGG 
CTAATGTGGG 
CTAATGTGGG 
CTAATGTGGG 
CTAATGTGGG 
CTAATGTGGG 
CTAATGTGGG 
CTAATGTAGG 
CTAACGTAGG 
CTGGAGTCCG 
CTGGAGTCCG 
CTaa.GT.gG 
500 
TGTTTAGTCG 
TGTTTAGTCG 
TGTTTAGTCG 
TGTTTAGTCG 
TGTTTAGTCG 
TGTTTAGTCG 
TGTTTAGTCG 
TGTTTAGTCG 
TGTTTAGTCG 
TGTCTAGTTG 
TCCTTAGTCG 
TCCTTAGTCG 
TgttTAGTcG 
550 
TGTAGTCGAG 
TGTAGTCGAG 
TGTAGTCGAG 
TGTAGTCGAG 
TGTAGTCGAG 
TGTAGTCGAG 
TGTAGTCGAG 
TGTAGTCGAG 
TGTAGTCGAG 
TGTAGTTGAG 
TGTCTTAGAG 
TGTCTTAGAG 
TGTagT.GAG 
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GGR 
WGR 
SH 
SHJapan 
KW 
Korea 
KOM 
ALl 
Watermelon 
CGR 
Yodo 
C 
Consensus 
GGR 
WGR 
SH 
SHJapan 
KW 
Korea 
KOM 
ALl 
Watermelon 
CGR 
Yodo 
C 
Consensus 
GGR 
WGR 
SH 
SHJapan 
KW 
Korea 
KOM 
AT,1 
Watermelon 
CGR 
Yodo 
C 
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551 
TCTGTCGTCT 
TCTGTCGTCT 
TCTGTCGTCT 
TCTGTCGTCT 
TCTGTCGTCT 
TCTGTCGTCT 
TCTGTCGTCT 
TCTGTCGTCT 
TCTGTCGTCT 
TCTGTTGTCT 
TCCGTTGTCG 
TCCGTTGTCG 
TCtGTtGTCt 
601 
AGTTGAACCT 
AGTTGAACCT 
AGTTGAACCT 
AGTTGAACCT 
AGTTGAACCT 
AGTTGAACCT 
AGTTGAACCT 
AGTTGAACCT 
AGTTGAACCT 
AGTTGAGCCT 
GGTTCAACCC 
GGTTCAACCC 
aGTTgAaCCt 
651 
GAGATCCCAG 
GAGATCCCAG 
GAGATCCCAG 
GAGATCCCAG 
GAGATCCCAG 
GAGATCCCAG 
GAGATCCCAG 
GAGATCCCAG 
GAGACCCCAG 
GAGACCCCAG 
GCGA..CAGG 
GCGA..CAGG 
GaGA.cCcaG 
701 
CGGCATTCTA 
CGGCATTCTA 
CGGCATTCTA 
CGGCATTCTA 
CGGCATTCTA 
CGGCATTCTA 
CGGCATTCTA 
CGGCATTCTA 
CGGCATTCTA 
CGGCATTCTA 
CGACA.... A 
CGACA.... A 
CGgCAttctA 
CTTCCGATCA 
CTTCCGATCA 
CTTCCGATCA 
CTTCCGATCA 
CTTCCGATCA 
CTTCCGATCA 
CTTCCGATCA 
CTTCCGATCA 
CTTCCGATCA 
CTTCCGATCA 
GGTCTGACGC 
GGTCTGACGC 
ctTCcGAtca 
TTCTTTGACA 
TTCTTTGACA 
TTCTTTGACA 
TTCTTTGACA 
TTCTTTGACA 
TTCTTTGACA 
TTCTTTGACA 
TTCTTTGACA 
TTCTTTGATA 
TTCTTCGACA 
TTTTTCGATT 
TTTTTCGATT 
TTcTTcGAta 
TTATAGGTCC 
TTATAGGTCT 
TTATAGGTCT 
TTATAGGTCT 
TTATAGGTCT 
TTATAGGTCT 
TTATAGGTCT 
TTATAGGTCT 
TTATAGGTCT 
TTATAGGTCT 
TCATACGT.. 
TCATACGT.. 
TtATAgGTct 
AACCTCCAAA 
AACCTCCAAA 
AACCTCCAAA 
AACCTCCAAA 
AACCTCCAAA 
AACCTCCAAA 
AACCTCCAAA 
PACCTCCAAA 
AACCTCCAAA 
AACCTCCAAA 
AGACCCCAGT 
AGACCCCAGT 
AacCtCCAaa 
GTCTATTGTC 
GTCTATTGTC 
GTCTATTGTC 
GTCTATTGTC 
GTCTATTGTC 
GTCTATTGTC 
GTCTATTGTC 
GTCTATTGTC 
GTCCATTGTC 
GTCGATTGTT 
TTCCATCAAT 
TTCCATCAAT 
gTCcATtgtt 
AAGTTCCTAT 
AAGTTCCTAT 
AAGTTCCTAT 
AAGTTCCTAT 
AAGTTCCTAT 
TIAGTTCCTAT 
AAGTTCCTAT 
AAGTTCCTAT 
AAGTTCCTAT 
AAGTCCCTAT 
CGGTCCCGAT 
CGGTCCCGAT 
aaGTcCCtAT 
AGGTCGCAGT 
AGGTCGCAGT 
AGGTCGCAGT 
AGGTCGCAGT 
AGGTCGCAGT 
AGGTCGCAGT 
AGGTCGCAGT 
AGGTCGCAGT 
AGGTCGCAGT 
AGGTCGCAGT 
..GTCTAAGT 
..GTCTAAGT 
agGTCgcAGT 
TCGGAGGTTG 
TCGGAGGTTG 
TCGGAGGTTG 
TCGGAGGTTG 
TCGGAGGTTG 
TCGGAGGTTG 
TCGGAGGTTG 
TCGGAGGTTG 
TCGGAGGTTG 
TCGGAGGTCG 
TCAAGGGTGG 
TCAAGGGTGG 
TCggaGGT.G 
CTAGAATCTT 
CTAGAATCTT 
CTAGATTCCT 
CTAGATTCCT 
CTAGATTCTT 
CTAGATTCTT 
CTAGATTCTT 
CTAGATTCTT 
CTAGATTCTT 
CTAGATTCTT 
CTCGATACCG 
CTCGATACCG 
CTaGATtCct 
TTCAGCGGCT 
TTCAGCGGCT 
TTCAGCGGCT 
TTCAGCGGCT 
TTCAGCGGCT 
TTCAGCGGCT 
TTCAGCGGCT 
TTCAGCGGCT 
TTCGGCGGCT 
TTCAGCGGCT 
TACGGCAGCC 
TACGGCAGCC 
TtCgGCgGCt 
CTGTCGGTGG 
CTGTCGGTGG 
CTGTCGGTGG 
CTGTCGGTGG 
CTGTCGGTGG 
CTGTCGGTGG 
CTGTCGGTGG 
CTGTCGGTGG 
CTGTCAGTGG 
CTGTCGTTGG 
CTGGTCCCAG 
CTGGTCCCAG 
CTGtc..tgG 
GAC.TCTGCT 
GAC.TCTGCT 
GAC.TCTGCT 
GAC.TCTGCT 
GAG.TCTGCT 
GAC.TCTGCT 
GAC.TCTGCT 
GAC.TCTGCT 
GAC.TCTGCT 
GAC.TCTGCT 
CAAGAAAGGG 
CAAGAAAGGG 
gAc.tctGct 
600 
TATCCGAGAA 
TATCCGAGAA 
TATCCGAGAA 
TATCCGAGAA 
TATCCGAGAA 
TATCCGAGAA 
TATCCGAGAA 
TATCCNAGAA 
TATCCGAGAA. 
TATCTGAGAA 
TTTCGGATAA 
TTTCGGATAA. 
TaTC.GAgAA 
650 
GTAATGGCAA. 
GTAATGGCAA 
GTAATGGC.a.A 
GTAATGGCAA 
GTAATGGCAA 
GTAATGGCPA 
GTAATGGCAA 
GTAATGGCAA 
GTAATGGCAA 
GTAATGGCGA 
GTCATCGCTC 
GTCATCGCTC 
GTaATgGC.a 
700 
TCGTGGTAA.G 
TCGTGGTAAG 
TCGTGGTAAG 
TCGTGGTAAG 
TCGTGGTAAG 
TCGTGGTAAG 
TCGTGGTAAG 
TCGTGGTAAG 
TCGTGGTAAG 
TCGTGGTAAG 
TCGTGCTGTA 
TCGTGCTGTA 
TCGTGgTaag 
750 
TCTGAAGAGT 
TCTGAAGAGT 
TCTGAAGAGT 
TCTGAAGAGT 
TCTGAAGAGT 
TCTGAAGAGT 
TCTGAAGAGT 
TCTGAAGAGT 
TCTGAAGAGT 
TCTGAAGAGT 
GATGCGGATT 
GATGCGGATT 
tcTGaaGAgT 
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751 
GGR CCAGTTCTGT 
WGR CCAGTTCTGT 
SH CCAGTTCTGT 
SHJapan CCAGTTCTGT 
KW CCAGTTCTGT 
Korea CCAGTTCTGT 
KOM CCAGTTCTGT 
ALl CCAGTTCTGT 
Watermelon CCAGTTCTGT 
CGR CCAGTTCTGT 
Yodo CCGCTGAGAG 
C CCGCTGAAAG 
Consensus CCagTtctgt 
801 
GGR 
WGR 
SH 
SHJapan 
KW 
Korea 
KOM 
ALl 
Watermelon 
CGR 
Yodo ; 
c ; 
Consensus 
\ 
\
TTCTTTTGAA 
TTCTTTTGAA 
TTCTTTTGAA 
TTCTTTTGAA 
TTCTTTTGAA 
TTCTTTTGAA 
TTCTTTTGAA 
TTCTTTTGAA 
TTCTTTCGAC 
TTCTTTTGAA 
TATGTCTGAT 
TATGTCTGAT 
TtCtTtTGA. 
GATGG. 
GATGG. 
GATGG. 
GATGG. 
GATGG. 
GATGG. 
GATGG. 
GATGG. 
GATGG. 
GATGG. 
.CTT 
.CTT 
.CTT 
.CTT 
.CTT 
.CTT 
.CTT 
.CTT 
.CTT 
.CTT 
GGTGGTGCTT 
GGTGGTGCTT 
GaTGG. .CTT 
ACAATCCGAT 
ACAATCCGAT 
ACAATCCGAT 
ACAATCCGAT 
ACAATCCGAT 
ACAATCCGAT 
ACAATCCGAT 
ACAATCCGAT 
ACAATCCGAT 
ACAATCCGAT 
ATGAACC . AC 
ATGAACC.AC 
AcaAtCCgAt 
800 
CACACCTAG. 
CACACCTAG. 
CACACCTAG. 
CACACCTAG. 
CACACCTAG . 
CACACCTAG. 
CACACCTAG. 
CACACCTAG. 
CACACCTAG. 
CACACCTAG. 
CTCGTTTATA 
CTCGTTTATA 
CaCaccTAg. 
The result after blasting our sequence of MP aminoacid with the available 
sequences of aminoacids are: 
GGR 
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KW 
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SH 
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C 
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WGR 
KOM 
KW 
Korea 
SH 
SHJapan 
ALl 
Watermelon 
CGR 
Yodo 
C 
Consensus 
1 
METSLSKVSV 
METSLSKVSV 
METSLSKVSV 
METSLSKVSV 
METSLSKVSV 
METSLSKVSV 
METSLSKVSV 
METSLSKVSV 
METSLSKVSV 
METSLSKVSV 
METSVSSVGV 
METSVSSVGV 
METSvSsVgV 
51 
AQSYESLVPV 
AQSYESLVPV 
AQSYESLVPV 
AQSYESLVPV 
AQSYESLVPV 
AQSYESLVPV 
AQSYESLVPV 
AQSYESLVPV 
AQSYESLVPV 
AQSYESLVPV 
SKDSECLIPV 
SKDSECLIPV 
skdsEcL!PV 
ENSLKPEKFV 
ENSLKPEKFV 
ENSLKPEKFV 
ENSLKPEKFV 
ENSLKPEKFV 
ENSLKPEKFV 
ENSLKPEKFV 
ENSLKPEKFV 
ENSLKPEKFV 
ENSLKPEKFV 
KNVLKPNEFV 
KNVLKPNEFV 
kNvLKP#eFV 
KLLRGVDLTK 
KLLRGVDLTK 
KLLRGVDLTK 
KLLRGVDLTK 
KLLRGVDLTK 
KLLRGVDLTK 
KLLRGVDLTK 
KLLRGVDLTK 
KLLRGVDLTK 
KLLRGVDLTK 
DLLRGVDLSK 
DLLRGVDLSK 
dLLRGVDLsK 
QISWVDKLLP 
KISWVDKLLP 
KISWVDKLLP 
KISWVDKLLP 
KISWVDKLLP 
KISWVDKLLP 
KISWVDKLLP 
KISWVDKLLP 
KISWVDKLLP 
KISWVDKLLP 
KLSWVDRILP 
KLSWVDRILP 
KlSWVDriLP 
HLYVTLLGVV 
HLYVTLLGVV 
HLYVTLLGVV 
HLYVTLLGVV 
HLYVTLLGVV 
HLYVTLLGVV 
HLYVTLLGVV 
HLYVTLLGVV 
HLYVTLLGVV 
HLYVTLLGVV 
SKYVTLVGVV 
SKYVTLVGVV 
skYVTLvGVV 
NY..FSILKY 
NY..FSILKY 
NY..FSILKY 
NY..FSILKY 
NY..FSILKY 
NY..FSILKY 
NY..FSILKY 
NY..FSILKY 
NY..FSILKY 
NY..FSILKY 
DMETFTVYRY 
DMETFTVYRY 
#metFt!yrY 
VSGVWNVPES 
VSGVWNVPES 
VSGVWNVPES 
VSGVWNVPES 
VSGVWNVPES 
VSGVWNVPES 
VSGVWNVPES 
VSGVWNVPES 
VSGVWNVPES 
VSGVWNVPES 
ISGVWTIPEN 
ISGVWTIPEN 
ISGVWt!PEn 
50 
LSITDFSVVK 
LSITDFSVVK 
LSITDFSVVK 
LSITDFSVVK 
LSITDFSVVK 
LSITDFSVVK 
LSITDFSVVK 
LSITDFSVVK 
LSITDFSVVK 
LSITDFSVVK 
LSVTDYSVIK 
LSVTDYSVIK 
LS!TD%SV!K 
]00 
CRGGATVALl' 
CRGGATVALV 
CRGGATVALV 
CRGGATVALV 
CRGGATVALV 
CRGGATVALV 
CRGGATVALV 
CRGGATVALV 
CRGGATVALV 
CRGGATVALV 
CAGGATVALV 
CAGGATVALV 
CaGGATVALV 
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SH 
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C 
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GGR 
WGR 
KOM 
KW 
Korea 
SH 
SHJapan 
ALl 
Watermelon 
CGR 
Yodo 
C 
Consensus 
GGR 
WGR 
KOM 
KW 
Korea 
SH 
SHJapan 
ALl 
Watermelon 
CGR 
Yodo 
C 
Consensus 
101 
DTRMET..HS 
DTRMET..HS 
DTRMET..HS 
DTRMET..HS 
DTRMET..HS 
DTRMET..HS 
DTRMET..HS 
DTRMET..HS 
DTRMET..HS 
DTRMET..HS 
DTRMETSMET 
DTRMETSMET 
DTRMETsmet 
151 
SLFVRLCNVG 
SLFVRLSNVG 
SLFVRLSNVG 
SLFVRLSNVG 
SLFVRLSNVG 
SLFVRLSNVG 
SLFVRLSNVG 
SLFVRLSNVG 
SLFVRLSNVG 
SLFVRLSNVG 
SIFVRVSGVR 
SIFVRVSGVR 
SiFVRvSgVr 
201 
SIVLESLSEK 
SIVLESLSEK 
SIVLDSLSEK 
SIVLDSLSEK 
SIVLDSLSEK 
SIVLDSLSEK 
SIVLDSLSEK 
SIVLDSLSXK 
SIVLDSLSEK 
SIVLDSLSEK 
SINLDTVSDK 
SINLDTVSDK 
SInLDtvS#K 
251 
PNRRLDSASE 
PNRRLDSASE 
PNRRLDSASE 
PNRRLDSASE 
PNRRLDSASE 
PNRRLDSASE 
PNRRLDSASE 
PNRRLDSASE 
PNRRLDSASE 
PNRRSDSASE 
GGKKGDADSA 
GGKKGDADSA 
ggkkgDadSa 
VAEGTICKFS 
VAEGTICKFS 
VAEGTICKFS 
VAEGTICKFS 
VAEGTICKFS 
VAEGTICKFS 
VAEGTICKFS 
VAEGTICKFS 
VAEGTICKFS 
VAEGTICKFS 
VDEGTICKFS 
VDEGTICKFS 
VdEGTICKFS 
IKDGFHPLTL 
IKDGFHPLTL 
IKDGFHPLTL 
IKDGFHPLTL 
IKDGFHPLTL 
IKDGFHPLTL 
IKDGFHPLTL 
IKDGFHPLTL 
IKDGFHPLTL 
IKDGFHPLTL 
IKEGFSPLTL 
IKEGFSPLTL 
IK#GFsPLTL 
VEPFFDKVPI 
VEPFFDKVPI 
VEPFFDKVPI 
VEPFFDKVPI 
VEPFFDKVPI 
VEPFFDKVPI 
VEPFFDKVPI 
VEPFFDKVPI 
VEPFFDKVPI 
VEPFFDKVPI 
VQPFFDSVPI 
VQPFFDSVPI 
V#PFFDsVPI 
ESSSVSFEDG 
ESSSVSFEDG 
ESSSVSFEDG 
ESSSVSFEDG 
ESSSVSFEDG 
ESSSVSFEDG 
ESSSVSFEDG 
ESSSVSFEDG 
ESSSVSFDDG 
ESSSVSFEDG 
ESMETSDGGA 
ESMETSDGGA 
ESmetSdgga 
APATVREF. 
APATVREF. 
APATVREF. 
APATVREF. 
APATVREF. 
APATVREF. 
APATVREF. 
APATVREF. 
APATVREF. 
APATVREF. 
SVRFIPNYSV 
SVRFIPNYSV 
SVRFIPNYSV 
SVRFIPNYSV 
SVRFIPNYSV 
SVRFIPNYPV 
SVRFIPNYPV 
SVRFIPNYSV 
SVRFIPNYSV 
SVRFIPNYSV 
VAASTRDFME TVKLIPNYYV 
VAASTRDFME TVKLIPNYYV 
vaAstR#Fme tVkllPNYyV 
EVACLVATTN SIIKKGLRAS 
EVACLVATTN SIIKKGLRAS 
EVACLVATTN SIIKKGLRAS 
EVACLVATTN SIIKKGLRAS 
EVACLVATTN SIIKKGLRAS 
EVACLVATTN SIIKKGLRAS 
EVACLVATTN SIIKKGLRAS 
EVACLVATTN SIIKKGLRAS 
EVACLVATTN SIIKKGLRAS 
EVACLVATTN SIIKKGLRAS 
EIASLVATTN SILKKGLRVS 
EIASLVATTN SILKKGLRVS 
E!AsLVATTN SIlKKGLRvS 
SAAVMETARD PSYRSRSQSV 
SAAVMETARD PSYRSRSQSV 
SAAVMETARD PSYRSRSQSV 
SAAVMETARD PSYRSRSQSV 
SAAVMETARD PSYRSRSQSV 
SAAVMETARD PSYRSRSQSV 
SAAVMETARD PSYRSRSQSV 
SAAVMETARD PSYRSRSQSV 
SAAVMETARD PSYRSRSQSV 
SAAVMETARD PSYRSRSQSV 
TAAVI..ARD RSYVSKSGPS 
TAAVI..ARD RSYVSKSGPS 
t7U\Vi..ARD rSYvSkSgps 
279 
LQSDHTSTP 
LQSDHTSTP 
LQSDHTSTP 
LQSDHTSTP 
LQSDHTSTP 
LQSDHTSTP 
LQSDHTSTP 
LQSDHTSTP 
LQSDHTSTP 
LQSDHTSTP 
YEPPRLSTP 
YEPPRLSTP 
ytpprlSTP 
150 
VAADALRDPW 
VAADALRDPW 
VAADALRDPW 
VAADALRDPW 
VAADALRDPW 
VAADALRDPW 
VAADALRDPW 
VAADALRDPW 
VAADALRDPW 
VVADALRDPW 
LASDASSKPW 
AASDASSKPW 
.AsDAsskPW 
200 
WESVVSSDQ 
VVESVVSSDQ 
WESVVSSDQ 
VVESVVSSDQ 
VVESVVSSDQ 
VVESVVSSDQ 
VVESVVSSDQ 
VVESVVSSDQ 
VVESVVSSDQ 
VVESVVSSDQ 
VLESVVGSDA 
VLESVVGSDA 
VlESVVgSDA 
250 
GGRGKRHSKP 
GGRGKRHSKP 
GGRGKRHSKP 
GGRGKRHSKP 
GGRGKRHSKP 
GGRGKRHSKP 
GGRGKRHSKP 
GGRGKRHSKP 
SGRGKRHSKP 
VGRGKRHSKP 
RAVRQRPQFK 
RAVRQRPQFK 
ravrqRpqfk 
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Franco: 0.00000 
Watermelon: 0.00000 
W: termelo 
-GR7:0.00592 
Bottlegourd: 0.00217 
AL1:0.00194 
rGR5:0.00191 
IGR3: 0.00015 
-Yotlo: 0.05871 
-C: 0.05652 
rKW: 0.00195 
NS: 0.00010 
LY:cio:D.05 
SH: 0.00000 
SHJapan: 0.00000 
WK: 0.00206 
KOM: 0.00199 
Fig 31: Phylogenetic tree showing relationship of 
CGMMV CP and selected members of the family 
Tobamovirus at nucleotide level 
fv 
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-CGR 
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Fig 32: Phylogenetic tree showing relationship of 
CGMMV MP and selected members of the family 
Tobamovirus at nucleotide level 
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Bottle gourd (Lagenaria siceraria (Mol.) Standi, syn. L. leucantha Rusby 
and L. vulgaris Ser.) is widely grown in Aligarh district in two seasons (summer 
and winter) and its fruit is available throughout the year. It was found to be 
infected by viral a disease showing vein clearing, mosaic, distortion of young 
leaves to an eventual bleaching of the leaf lamina, fruit deformation, stunting of 
the plant and overall loss in the productivity. The disease was investigated and 
the identity of the virus attacking it was established. 
NATURAL INCIDENCE 
Bottle gourd is known to be infected by a number of plant viruses. Some of 
the important viruses reported on the bottle gourd are Cucumber green mottle 
mosaic virus CGMMV (Al-Shahwan and Abdalla, 1992), which is also called 
Cucumis virus 2 (Vasudeva et al., 1949), Cucumis virus 2A (Van koot and Van 
Dorst, 1959), Cucumis virus 2B (Varma et al., 1948), Cucumis virus 2C (Azad, 
1956; Lai and Chauhan. 1961) and Cucumis virus 3 (Sharma and Chohan, 1973). 
Tomato mosaic virus (Shanker et al, 1971), Watermelon mosaic virus (WMV) 
(Bhargava et al.. 1975; Qureshi and Mayee, 1980; Hafidi, 1983; Singh, 1989; 
Nakayama et al, 1992), Cucumber mosaic, (Matsuo et al, 1991; Provident, 1995), 
Zucchini yellow mosaic virus (Yoshida and Lizuk, 1987) and Cucumber vein 
yellowing virus (Harpaz and Cohan, 1965; Mansour and Al-Musa, 1993) are the 
other viruses infecting bottle gourd. The two important viruses responsible for 
mosaic disease of bottle gourd are CGMMV and WMV. 
CGMMV was described by Ainsworth (1935) from cucumber {Cucumis 
sativus). Since then, this virus has also been reported from other parts of the world 
(Rollings et al, 1975). There are several variants of CGMMV,with a few 
differences in some properties but mostly have similar biological and physical 
properties. Some varients of this virus have also been reported from India (Capoor 
and Varma, 1948; Janardhan et al, 1969; Rani et al, 1971; Raychaudhuri 1973; 
Shanker et al, 1971; Vasudeva et al, 1949; Vasudeva and Nariani 1952). 
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There has been some confusion in the nomenclature of this virus, especially 
in India. Capoor and Varma (1948) described it as Lagenaria vulgaris mosaic, a 
year later Vasudeva et al., (1949) as Bottle gourd mosaic virus and the same name 
was used by later workers (Janardhan et al, 1969; Vasudeva and Nariani 1952). 
The use of name BGMV was inappropriate, as it was used earlier by Vasudeva and 
Lai (1943) for a different virus (possibly WMV), causing mosaic in bottle gourd. 
The slight confusion was further created by naming Cucumber green yellow virus 
(Harpaz and Cohan, 1965) as BGMV (Cohan and Nitzany, 1960) and by wrong 
listing (Martyn, 1968) of Lujfa acutangula mosaic virus (Mitra and Nariani, 1965) 
as disease induced by CGMMV. 
VIRAL TRANSMISSION AND HOST RANGE 
Nowadays, a host range study is not in much use as it is time consuming, 
labour intensive, requires large space and sometimes give confusing results but it is 
still important for the virus purification and maintenance of viral culture. 
Experimental host range studies revealed that CGMMV under study has a small 
host range. It infects plants of Cucurbitaceae and Chenopodiaceae families. The 
host reactions reported by Capoor and Varma (1948) or Vani and Varma (1993) 
resembles that of the present virus as it produces mosaic on Cucumis melo. 
Cucumis sativus and L. siceraria, but differs from Indian strain C described by 
Vasudeva et al., (1949) in not able to infect Datura stramonium, Luffa acutangula 
and Momordica charantia. It produced local lesions on C. amaranticolor and hence 
also differs from strain identified by Janardhan et al. (1969) which produce local 
lesions on Gomphrena globosa and the isolate of Shanker et al., (1971) and 
Raychaudhuri (1973) produced mild mosaic symptoms on vegetable marrow 
(Shanker et al, 1971) as present isolate did not infect vegetable marrow. 
The disease was found to be transmitted by usual mechanical sap inoculation that 
resembles closely with that of other strains (Kitani et al, 1970; Komuro et al., 
1977; Nagai et al, 1974; Raychaudhuri, 1973; Shanker et al, 1973; Smith, 1957; 
Vasudeva e/ al., 1949). 
Transmission of CGMMV is not by aphids as reported by Inouye et al., 
(1967). However, under natural conditions, the transmission mainly takes place 
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through contact between diseased and healthy plants during cultivation and to 
certain extent through soil and plant debris (Valentine, 1958, Rao and Varma 
1984). Such transmission was found by Inouye et al., (1967); Nagai et al., (1974); 
Hollingsefa/.,(1975). 
Some workers have reported transmission of the virus through seeds, which 
seems to gradually fall off by storage (Kawai et al, 1985; Komuro et al, 1971). In 
the present investigation no evidence for seed transmission was found in seeds 
collected from different sources. No seed transmission was found even in the 
freshly harvested seed (Komuro et al, 1971; Rao and Varma, 1984). 
BIOPHYSICAL PROPERTIES AND VIRAL INFECTIVITY 
Virus in crude sap lost its infectivity after heating at 95°C for 10 min but 
retained infectivity at 90°C, lost infectivity at a dilutions of 10"^  and remained 
infective for more than a month at room as well at 4°C temperature. Thus have 
close resemblances with the isolate of Raychaudhuri et al. (1978), Al- Shawan and 
Abdalla et al. (1992) and Vani et al. (1993). 
Phosphate buffer (O.OIM, pH 7.0) was found to be the most suitable 
extraction medium for retaining virus infectivity. Other buffers were also tried such 
as acetate, citrate and borate but the maximum local lesions were found with buffer 
phosphate. Sodium sulphite along with EDTA (0.1%) also enhanced the virus 
infectivity. 
VIRUS PURIFICATION 
L. siceraria was routinely used for purification of CGMMV. The infected 
leaves were macerated in O.OlM-phosphate phosphate buffer (pH.7.0) and virus 
was purified by using butanol centrifugation method (Shanker et al., 1971). 
Clarification of sap with butanol (30%) and precipitation by using PEG 6,000(6%) 
and 0. IM NaCl followed by two cycles of differential centrifugation was carried 
out. 
Further purification was achieved by rate zonal density gradient 
centrifugation. Partially purified virus preparation when centrifuged on linear 
sucrose columns for 2hr at 50,000 rpm found a light scattering band. The material 
forming the light scattering band was found to be infective. 
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The nucleic acid percentage was found to be 6 as A260/A280 was 1.2078 
(Knight, 1954). The extinction coefficient, buoyant density and partial specific 
volume were 2.7573, 1.36 and 0.7344, respectively. 
DIAGNOSIS OF VIRUSES 
Electron Microscopy 
Electronic microscopic studies of clarified virus preparation revealed the 
presence of straight rod shaped particles measuring about 280nm in length and 
14.5nm in width. The width is slightly less than known (15nm) for such viruses 
(Gibbs and Harrison, 1976), apparently due to penetration of surface. There were 
more broken virions in purified preparations. Morphologically the present virus 
shows resemblance to the strain of CGMMV (Vani et ai, 1993) but is 
indistinguishable from various members of tobamovirus group, including various 
strains of CGMMV (Shankar et ai, 1971; Hollings et ai, 1975). Rather large 
dimensions (100-800x25nm) of the virions of this virus reported by Anand (1960) 
and Mehta and Lai (1962) are obviously due to shadow -cast mounts of 
concentrated preparations in which the virions tend to aggregate end to end. 
DETECTION BY IMMUNOASSAYS 
Antiserum raised against the virus shows a dilution of more than 80,000 and 
DAS ELISA give positive result. The virus is specifically decorated fully with the 
homologous antisera of CGMMV. 
DETECTION BY POLYMERASE CHAIN REACTION (RT-PCR) 
Limitation of ELISA to detect the virus may be overcome by the use of RT-
PCR and IC-RT-PCR technique, which are more sensitive than ELISA and can 
detect very low concentration of virions. RT-PCR was reported to be 10" times 
sensitive than ELISA. RT-PCR and IC-RT-PCR have been shown to have great 
significance for the detection of plant viruses (Frank et al, 1997; Hung et a!.. 
2000). 
Coat protein and movement protein genes were amplified by RT-PCR using 
specific primers, which were designed during the present study, on the basis of 
other GeneBank available CGMMV coat protein and movement protein gene 
sequences. In the RT-PCR, amplifications of ~486bp for CP and ~795bp for MP 
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were obtained. Our results showed that these primers are highly specific to coat 
protein as well as movement protein gene. In India, only coat protein gene was 
amplified till date but we have amplified MP gene also. In addition to these 
multiplex RT-PCR was also standardized for both the genes. 
IMMUNO CAPTURE REVERSE TRANSCRIPTION CHAIN REACTION 
(IC-RT-PCR) 
IC-RT-PCR was performed as was described by Jain el a\. (1998) with 
minor modifications. It included CGMMV CP and MP gene specific primers, 
which have been used to amplify the CP and MP gene. CGMMV specific antisera 
developed against the same virus was used for decoration and trapping the 
CGMMV particles. After IC-RT-PCR, the amplifications of ~486bp and ~795bp 
were obtained for CP and MP genes respectively. 
RT-PCR and IC-RT-PCR are more rapid, reliable and specific as these 
methods amplify coat protein as well as movement protein specific pair of primers 
based on the unique nucleotide sequences. 
SEQUENCING ANALYSIS 
The sequence of the present isolate was compared with the available 
sequences in the GeneBank. At the nucleotide level the isolate shows 91-99% 
homology with other CP gene sequences and 93-98% homology with other MP 
gene sequences. There were some changes that did not lead to the change of an 
aminoacid when translated. 
After comparing the sequences with other available sequences and the 
dendrogram shows that our CGMMV isolate resembles more to watermelon-group 
hence can be put in this category. 
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SUMMARY 
Bottle gourd is one of the most frequently used vegetable in India. During 
2002-2003 survey, bottle gourd was found to be seriously affected with a virus 
disease in Aligarh. The causal organism was isolated, investigated and designated 
as CGMMV. 
Host range of CGMMV was restricted to Cucurbitaceae and 
Chenopodiaceae. The virus gives distinct local lesions on Chenopodiiim 
amaranticolor and shows mosaic on Cucumis melo, Cucumis sativus and 
Lagenaria siceraria. 
No seed and aphid transmission was found for CGMMV. The virus found 
to be transmitted by sap inoculation, contact and soil contaminated with debris of 
diseased plants. 
Phosphate buffer (0.01 M, pH 7.0) was found to be the most suitable 
medium for virus maintenance. Sodium sulphite (0.1%) along with (0.1%) 
EDTA, enhanced virus infectivity. 
Thermal inactivation point of CGMMV was 90-95 °C and the virus could 
withstand dilution upto 10'^  and remained infective for more than months both at 
room temperature as well as at 4°C respectively. 
CGMMV was isolated by a procedure involving extraction of the virus 
with 0.01 M phosphate buffer pH 7.0; clarification by 30% butanol; precipitation 
by 6% PEG with 0.1 % NaCl followed by two cycles of differential 
centrifugation. 
Contaminants were removed by rate zonal density gradient centrifugation 
on linear sucrose columns. 
The CGMMV exhibited a single light scattering band in sucrose column 
and infectivity was found associated with this band. 
Nucleic acid percentage was found to be 6 as A260/ A 280 was 1.20. 
Nucleic acid isolated by phenol-chloroform method was found to be RNA. 
The extinction coefficient, buoyant density and partial specific volume were 
2.7573, 1.36157g/cm^- 0.7344 respectively. 
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SDS-PAGE of viral capsid showed only one type of protein subunit with a 
molecular weight of 17.2KD. 
E.M revealed CGMMV as rigid rods measuring 280x14.5nm. 
Serology using ELISA and ISEM showed that present isolate is closely 
related to the type strain of CGMMV. The virus withstands more than 80,000 
dilutions. 
RT-PCR, Multiplex RT-PCR and IC-RT-PCR further confirmed the 
results. The coat protein gene as well as movement protein gene were also 
amplified using a pair of designed specific primers. The RT-PCR product ~ 486bp 
for CP and -795 bp for MP was cloned in to pGEM -T Easy vector. 
The cloned coat protein as well as movement protein genes were 
sequenced and showed 90% to 98% homology with the GeneBank available 
sequences. It indicates that CGMMV Aligarh isolate has very little variability (in 
the coat protein gene as reported earlier) but movement protein gene was for the 
first time sequenced from India. 
On the basis of above studies this isolate has been proposed to be placed 
in watermelon group of CGMMV. 
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